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FIGURE 1A

. : Klotho (extracellular domain) or active fragment of Klotho;

« : FGF23 (R179Q), FGF23, FGF 19, FGF21;§: linker; : 1gG signal peptide.
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FIGURE 1B

Klotho (extracellular domain) or active fragment of Klotho;

: IgG signal peptide.

FGF23 (R179Q), FGF23, FGF 19, FGF21;§: linker; ¢
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FIGURE 2A
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Human Klotho nucleic acid sequence (NM_004795) (SEQ ID NO: 1)
Protein coding region: 9-3047

1 cgcgecaccat
ccgtogetgt
&1l cgoctgetget
scgggegacy
121 gcgegcsdgac
ggcctottoo
181 agggcacctt
cagacogagqy
241 gecggctcgea
Caccaccccc
301 tggcacccce
tcgoccgetge
361 agcccgocac
gacacggady
421 cgctgceccoega
cgagtgctec
481 ccaatgccag
cgoctgotgy
541 ageggetgeg
gacctgococ
601 agogoctgea
cacttcaggg
66l attacgcgga
atcaccatcg
721 acaaccccta
cccocggeatec
781 ggggcacccc
catgccaaag
241 tctggeocetet
Lccattgeoce
801 taagctctea
Jaatgtcaaa
961 aatctoctgga
ggtgactate
1021 ccgagaccat
tctgagaaaa
1081 agttcatcas
Ctgagtttte
1141 aacttttgga
aggcaactgo
1201 tttcetcocgat
aatggotggt
126l ttgtctoagg
aaaaagttea
1321 tecatggsaac
tataccgecat
1381 ggtccctcat
Jgactottet
1441 atgttgsctt
Ctgttctace

gococogocace
ggtgctgetg
ctgggececect
ccccgacgco
gcagcacggao
gggagactcc
cggggacgta
gcteggggte
cgcgggegta
ggagcetggea
Jggacgcotzc
gqoctetgette
cgtggtggec
goggotegeyg
ctacaatact
ctggatcast
ctttgtacta
gaagaataszc
aggaactget
cocctocacatyg
tgaccttgsa
gaccacoasg
cttaaaagec
ggatggtttc

tctaagocceg

gooccogocgo
ggcctgggeg
ttctegogge
ttcctectggg
aagggtgegt
cggaacgcca
goccagogaca
actcactacc
cccaaccagag
gtgcagcoccag
dgodgetggg
cgocacttag
tggcacgget
tacctggtgg
toctttcegte
cctocgaagaa
Jgttggtttyg
ctCttcatcta
gacttttttyg
aagttcecocgec
tttaaccate
agagatgatg
atcaagctgg
gagtggcaca

gacaagatgt

googocogoeg
gcogoecgect
ctoetgeeco
cegtgggoag
ccatetggga
gtctgocegtt
gctacaacaa
gcttctcecat
agyggctgog
tggtecacact
ccaaccgogae
gcggteaggt
acgccaccdg
cgcacaacch
ccactcaggg
tgaccgacca
ccaaacoodgt
ttoctgecoctga
ctotttgett
aattggaatc
ctoaaatatt
ccaaatatat
atggggtgga
gagjggttacag

tgttgccaaa

googoodocg
gocgtgeggag
cgaggccgocy
cgcegectac
—acgttcace
dgggegecccy
cgtcttecocge
ctegtgggcg
ctactaccgg
gtacoactgg
cotggoagac
caagtactgg
gogectggoeo
ccteotgget
aggtcaggtyg
cagcatcaaa
atttattgat
—tttactgaa
—ggacccacae
—cocaacctyg
—attgtggaa
gtattaccte
—gtcatcggg
catcaggogh

gtecttcageo
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1501 aaaagctgat
ctagaaggga

1561 catttccctg
gataccactc

1621 tgtctcagtt
aaaaggctta

1681 ttaaagtgga
tttgctgeca

1741 tccagoococa
ttctcectgyg

1801 actgggccct
atcctgcagt

1861 actatcgcotg
gtggccocctgt

1921 ggcagectat
ggcgectggy

1981 agaaccccta
caagagctcg

2041 gccatcacgt
atgacataca

2101 gtgctggoca
aatgaaaagt

2161 ttaggcatgc
atagaacctg

2221 cctgcoccottt
tttgacattyg

2281 gctggotgge
agggactggc

2341 tgaaccaaag
aagctaatco

2401 agggtacctt
gactcagaaa

2461 aagaagatcc
gacatcacgt

2521 ggctcaactc
gtgctgaact

2581 ggctgaagtt
atcgatgacy

2641 ggctgecatge
ataaacgaag

2701 ctctcaaagco
tattcgttta

2761 acgacogcac
tttgagcaca

2821 aggcatacat
ggcccagaaa

2881 ctctggaaag
ttttttecaca

2941 cccgaaagtc
atttctctet

3001 cccttatatt
tgaacatttt

2061 tctattecatt
tttgcaccte

3121 taagtgttgt
tttgtggett

Oct.

25,2016

agagaaaaat
tgactttgect
taccgacctyg
tggggttgtg
gatcgocttta
gattctcecct
catggccage
ggccocgaac
cactgcoccatg
caagctttgg
caaccttcectg
tcagaatggg
ctcccaaaag
tgagcccatt
aaacaatttt
tgactttttg
aataaaatac
ccccagtcag
caagtacgga
tgaggacgac
ccacatactg
agotocgadgg
Jgaaacattac
attttgtcca
tttactggct
ttactactcg
cattttgaaa

gaaactgtaa
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ggcttocccte
tggggagttg
aatgtttacc
accaagaaga
ctccaggaaa
ctgggtaace
gagcttgtee
caaggactge
gooctttgeag
ataacgatga
aaggccecatg
aaaatatcca
gacaaagagg
ttcggotetg
cttecttectt
gctttaageo
aatgattacc
gtggcggtag
gacctccoca
cagctgaggg
gatggtatca
tttggoctat
aggaaaatta
gaagaattca
ttcatagectt
dagaaaggca
taattatgca

atttcataca

ctttacctga
ttgacaacta
tgtgggatgt
ggaaatcota
tgcacgttac
agtcccaggt
gtgtcaaczat
cgcgectoet
agtatgcozog
atgagccgta
ccotggettyg
tagccttgca
tggccgagag
gagattatcc
atttcactga
attatacczac
tagaagtgca
tgcccotgggg
tgtacataat
tgtattatat
atctttgzgg
atcgttatge
ttgacagoaa
cocgtgtgtac
ttctattttt
gaagaagtta
Jqacacatoag

tttgacttct

US 9,475,857 B2

aaatcagcco
cattcaagta
ccaccacagt
ctgtgttgac
acattttcgo
gaaccacacc
caccccagtyg
ggccaggeay
actgtgcttt
tacaaggaat
gecatgtgtac
ggctgattgg
agttttggaa
atgggtgatg
agatgaaaaa
catccttgta
agaaatgacc
gttgcgcaaa
atccaacgga
gcagaattac
atactttgct
tgcagatcadg
tggtttccag
tgagtgcagt
tgcttctatt
caaatagttc
ctgttaacca

agaaaacatt
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3181 atgacagagg
gcgastaghtg

3241 cctgaatttg
tttctgtaac

3501 acaclaacaa
cagazatttg

35361 aatgacaaga
TLCLttctgga

3421 agtagtaatt
tcteczgetge

3481 cataataatg
aaagcagatg

3541 goagatacag
aaagcaatge

3601 ttctatcaaa
gagaccaaat

366l tatggaaatg
gtccctgagg

3721 gatctgteto
gatasgtatc

3781 tgcggaaaaa
aaagcaattg

3841l tgaaatacag
tgocttattat

3901 gtgcaacatt
gaatcaatga

3961 catgaccttt
cagtcacact

4021 actttctatt
aaattcttaa

4081 taggttcaaa
ctctgaggtc

11411 tattttatgt
tactttgaac

4201 tttcacgetg
atcctttaat

41261 gooccoccttaaa
cactcgaget

421 gttttataga
acagccattg

4581 ccaacctcac
taatstatca

4441 teotttagagg
Trttzaagtyg

4501 gacttattaa
ttttctgatt

4561 ataagagtaa
atgczaagas

4621 azaatazaaaa
atttcctacyg

4681 tattttattt
ttttzttatg

4741 asactttcct
gttgzgtatt

4501 ccaccacagg
ttcttattaa

Oct. 25, 2016

ttt=g:

ttczcttttt
aagealyaaa
ttaggaatat
gcaagagtto
cotagtggoen
gAagagacga
tac-agtatt
tgtattttat
actggcatet
caaacatgaa
tataccgcocag
atgattaatc
cco-agagaa
cttzagectgt
agcaatctgg
ttt-gctget
aaacatgcta
taagtcttgs
taagtcaata
tgacacaggyg
tatgattttt
aat-ggatgz
tatatgtteca
ttaZctataa
tacatagatc
ttg-cattat

aatgtatcac

Sheet 5 of 40

gggtgattaa
azlagygaace
tttecttotgo
gaatagaaaqg
toocoototgh
agaqgggtoct
aatttatgta
atgatttttyg
tgttgagggce
tcctgtgata
tggctotagg
tgattataca
taaggatgaa
actgtaattt
tctgaataac
acttctgtgg
gtgatatcta
tgattttcag
ttgtatcagyg
tcatagtgta
tcatgaaaga
tagagaatca
ttgtaaaaat
tctcagaacce
atattgtata
tagtcttcaa

aacttaaccg

atogtaaaat
aaaactgaca
acaccaalygoe
acccecttct
ttatctacca
caaatotagh
aggotggaat
tctgcttaat
aggtcctgte
cttgcacata
ttggcctett
tggacgaaag
ccatttttga
ataatcactc
ctttcagttg
actgcatttg
aagtzgcttt
gaaacggcta
acagcgaagt
caagstaaac
taatzatata
taagettttyg
agtttatttt
ttttzaaaca
cagaczatagc
tagttagtat
aagcstgatt

ttcccgtttyg

US 9,475,857 B2

attgaataat
ggcactataa
azacalllygly
aaatttaatg
agtaaccatt
trootatgga
grttootttcg
gacatacttg
tazaccctgt
ggaaactttt
caggaagcat
gaggaaaaag
gocagatcttg
attctatgaa
atagttttac
tttectgtgat
gaactagttt
attaggtcte
ctoetetatta
caatgtcata
ctgtactata
gtaatattca
atgtatatat
cagaaactat
cactattaac
ctttattaat
tttaatagtt

ttagactagt
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4861 tgttgatgaa
ttoccttgact

4521 gtaaagagaa
toctgectgea

44981 acttt-tgce

25,2016

tgttgtttaa aaataatttt gttgctacat ttactttaat

gtaattttge tocttgstaa agtattatat taataataas

Sheet 6 of 40

ttecttteata atc

Klotho amino acid sequence (NP_004786) (SEQ ID NO: 2)

1 MPASAPPRRP
PEAAGLFQGT
61 FPDGFLWAVG
TGAPSPT.OPA
121 TGDVASDSYN
RYYRRITLERL
181 RELGVQPVVT
VKYWITIDNP
241 YVVAWHSYAT
GEOVSIALSS
301 HWINPRRMTD
DFTESEKKFT
361 KGTADETALC
FIVENGWEVS
421 GTTKRDDAKY
STRRGLEYVD
481 FLSODKMLLE
YTOVDTTLSG
541 FTDLNVYLWD
THFRFSTOWE
601 TTILPLGNQSO
TARQGAWENP
661 YTALAFARYA
WHVYNEKFRH
721 AONGEISTAL
PWVMRDWLNGQ
781 RNNELLEYET
QEMTDITWLN
841 SPSOVAVVPW
MONYINEALK
901 AHILDGINLC
NGFPGPETLE
961 RECPEEITVC

RFFFEFSLSLL

SAATYQTEGEW

NV ERDTEALER

LYHWDLPQRT

SELAPGIRGS

HEITKECOKESL

FGPTLSEQLL

MYYLKKEIME

KSSALEFYOXL

VEHSERLI=XV

VNHTILQYYR

RLCFQELGHH

DADWIEPACE

EDEKKLIOGT

SLEEVLNWLE

SYFAYSENDOR

TECSEFHT =K

LYVLLGLGGRE

QOHGKGASIW

EFLGV_HYRFES

QOAY GGWANER

PRILGYLVAHN

DEVLGWEAKP

D2HMEKEFROLE

TLEAZKLDGY

_ZKNGFPFLFE

DGVVTRERES

CMASELVEVN

VALW_TMNEP

FSQKDKEVAE

FOELALSHYT

FLYGDLPMY I

TAPREFGLYRY

SLLAFIAFLE

LRAZEFGDGAD

DTEFTHHPLAP

ISWARVLENG

ALADHERDYA

LLLAHAKVWH

VEIDOCEDYPES

SPNLROLLSW

DVIGYTAWSL

ENOQZLEGTEP

YCVIOFAATIQP

ITPVVALWOP

YTRNMTYSAG

RVL=FDIGWL

TILVDSEKED

ISNGIDDGLH

ALRDOFEPKAS

FASTIISLSLI

US 9,475,857 B2

TWARFSEFFA

PGDSENASLE

SAGVPNREGL

ELCEFRHEGGO

LYNTSERPTO

MENNLSSILP

IDLEFNHPQTL

MDGEFEWHRGY

CDEAWGYVDN

QIALLOEMHY

MAPNQGLPRL

HNLLEAHALA

AEPIFGSGDY

PIKYNDYLEV

AEDDQLRVYY

MEKHYRKIIDS

FYYSKEGRRS

beta-Klotho nucleic acid sequence (NM_175737) (SEQ ID NO: 3)

Protein coding region:

1 atcctecagte
aagcttttac
&l tgaagc-ttg
gtgcggeagy
121 atctccaggg
gotataggaa
181 tacaatgtcc
ttoctgetacyg
241 agctgt-act
ctaattttac

98-3232

tcccagtteca
ataagacagt
aatgaatgga
zacgggggat

ggattctetyg

agctaatcat
ccagcagjttyg
ttttecttecag
tgcaaajyste

gagatggsag

tgacagagct
Jgtggcaaatyg
cactgatgasa
tgtcatcctyg

agctatatgg

ttacaatcac
aagccagget
atazaccacac
tcagcactta

tctaaazatc

TK
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301 teczggtaszmat
ttttotgggy
26l tattgggact
aaggaccttc
421 tatatgggat
atggttccay
481 tgacag-tat
gagtttcttt
541 LlzlcaallLL
cagttgccan
601 cgcaaaaggt
gaaacattga
661 acctatagtt
aatatggggy
721 gtggaaaazat
gtttccagat
781 gtttggggac
tggcttggca
841 tgggtaz-ggg
ctgtoctacasz
901 tgtgggacac
acacacattt
961 ccgcccacat
tocgagacaan
1021 ccggtocggaa
ctgtgettgy
1081 atggttzZgcc
gasagaagtt
1141 gttctcogtt
gcacagctga
1201 LLLcLL_ogee
tggctaaaat
1261 gggacaazat
tggaatacazn
1321 caaccc-cga
tgaaaacaga
1381 agacaccacqg
aagcaataay
1441 gttagazgaa
gctttgaaty
1501 gecagga-—gct
gtaaacagasz
1561 agagcggazaa
aaaatggttt
1621 ttotttazaa
tctecoctgggy
1681 tgtcac-gaa
tcagcgatco
1741 tcatctgtac
aaggggtgagy
1801 gctgaaazaca
aacttgagat
186l gttggcaaga
cggtcectteo
1921 cacztggeaac

gegtggtceay

Oct. 25, 2016

Jaaadtcago
ggagcattge
catttcatcec
atttttctgg
Leaallleo.o
ctgcagtact
actttatacc
yataccataa
cgtgtcaaat:
acaggtatge
aacttgatca
cagaagggtz
aacacgatgg
aaccctatce
ctaccecattz
LLLLeLLLLg
gtttcactta
atcttgattyg
goccatctaca
atacgagtg:=
tacaccatce
cotaagtetz
gagtccacge
tctgttctta
gtgtggaacg
cgacccgcte
atgaaagtca

ctgtccogegg

Sheet 7 of 40

tgt-tctata
aag-ggaagdg
acacacacct
aaaaagactt
gyccaayyel
acagtactct
actgggattt
tagatatctt
attggattac
atgccoccotgg
aggctcacto
ggt—-atcgat
atazattcaa
atggggatagg
tetectgaage
gacoecaacdd
att-aagaga
ctgagaatygyg
tga-gaagaa
ttggttatac
Jgocgaggatt
cagcacacta
cagatgtgca
agcccgagte
ccactggcaa
aatgcacaga
cccactaccyg

tgaaccgaca

Cgacsctttc
Jagttggaag
taaasatgtc
atcacccctg
LLLeceeygal
tctgcacget
gocctttggea
caatcactat
aattcacaac
agagzagggda
gaaactttgg
cacgttggga
atgtcaacaa
cgactatccoa
agagsagcat
clLlczagece
agcgetgaac
ctggttcaca
tttcctcage
tgcctggtet
attttatgtyg
ctaczaacag
gggccadttt
tgtgcetteg
cagactgttg
ttttctaaac
gtttcctctyg

ggccctgagy

US 9,475,857 B2

cctaaaaact
aaggatggaa
agcagcacga
gattttatag
guzalaglaa
ctagtgctta
ctacaagaaa
gocacatact
ccatatetag
aatttagcaqg
cataactaca
toctecattgga
toccatggttt
gaggggatga
gagatgagag
clagacacoa
tggattaaac
gacagtcgtyg
caggtgectte
ctccectggatg
Jgattttzaca
atcatacgaqg
ccoctgtgact
tcceccacagt
caccgagtgg
atcaaazaac
gattgggcocct

tactacaggt
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1981 tgaggggctg
coccacgooca

2041 ecctaggocta
cgacggocdga

2101 ggecttocag
tgaagctetg

216l gatcaccatc
gocaacgacac

2221 ctacggggcg
tctacgaccy

2281 gcagttcagg
actgggogga

7347 accogooaac
tgcagttcga

2401 gatcgcoctgg
ccatgaggga

245l atacattgce
goctocacaga

2521 ggecgazadg
acttcaccac

2581 taggttogtg
gggacatcca

Z641 gtttctgecag
ttococtgggyg

2701 ggtgcgcocaag
tttacatcac

2761 cgccagtggo
actacctagg

2827 gaagtacott
tcaaaggoeta

2881 ttatgcattc
tcacatctga

2941 ttttaaagct
ggggottace

2001 ttttgagaac
gcactgtctyg

206l cttattoctt
tcteccaceet

2121 ggttctactc
tttggaaage

2181 aaaaaactta
aaactgateaet

2241 gtetgecatga

Oct. 25, 2016

aagoettggca
coogagoectae
gocotacgetg
aacgagccta
gocgoacaacao
cocctocacage
cooctatgotyg
ttogecgage
tccaagcace
aggoetgoetca
atgcacgagc
gacatcaccc
ctgctgoeggt
atcgacgaco
caggaggtge
aaactggcetyg
aaatcctcaa
agtagttcta
gtgcagaadga
ttatcaattyg
caacacatac

tagacagttt
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tceteccgaegat
tgttgecatge
ggctgtgett
accggctaag
tgctggtgge
gocggggecgt
act.cqgoactyg
cgetcttcecaa
gacgggggot
agggcacggt
agctggococgg
gcctgageto
gggtccggag
aggctoctgga
tgaaagoata
aagagaaatc
tacaatttta
Jatgcagtca
aaccactgat
ccatttttca
cattazagaa

aaaaattcat

ggtcaccatg
cgacgggtgg
cocaggagotg
tgacatctac
ccacgeccetg
gtegetgteg
qAagaggodggec
gaccggdgac
ttccagetayg
cgacttetgoe
cagccecgoctac
cococcacgogo
gaactacggc
ggatgaccgg
cotogatthgat
taaacccaga
caacaaagtyg
gacccaagaa
attcectgggt
aaggcagaadg
aggcaagaga

coccagttec

US 9,475,857 B2

tattatccga
ctgaacccat
ggggacctgg
aaccgctctg
gocetggegeo
ctgocacgogg
gagogottoo
tacocecgegyg
gocootgeogo
gqogotcocaaco
gactcggaca
ctggectgtga
gacatggaca
cteocggaagt
aaagt.cagan
tttggattect
atcagcagca
aatacagagt
tgttgettet
agaagaaagt

gttgttagect

beta-Klotho amino acid sequence (NP_783864) (SEQ ID NO: 4)

1 mkpgcaagsp
tgfsgdgrai
61 waknpnftpv
dhfihthlkn
121 vsstngsscs
glcyystlld
181 alvirniepi
drvkywitih
241 npylvawhgy
hgkgwlsitl

gnewiffastd
nesglf lvdt
viflekdlsa
viblyhwdlpl

gtgmhapgek

eittryrntm sngglgrevi lsalillrav

fpknffwglqg

ldfigvefvyg

algekyggwk

gnlaavytvg

tgalgvegsw kkdgkgpsiw

feiswprlfp

nodtiidiznd

dgivtvanak

vatyclfgmtqg

hnlikahskv whnynthfrp
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301 gshwiepnrs entmdifkeqg gsmvsvlgwf anpihgdgdy pegmrkklfs
vipifseaek
361 hemrgtadff afsfgpnnfk plntmakmgg nvslnlreal nwikleynnp
riliaengwf
421 tdsrvktedt talymmknfl sqv_gairld =sirvfgytaw slldgfewgd
avtirrglfy
481 vdfnskgker kpkssahyyk giirengfsl kestpdvggce fpodfswgvt
esvlkpesva
541 sespgfsdphl yvwnatgnrl lhrvegvrlk trpagotdfv nikkglemla
rmkvthvyrfa
601 ldwasvlptg nlsavnrgzsl ryyrovvseg lklgisanvt lyypthahlg
lpepllhadg
661 wlnpstaeaf gayvaglcfge lgd vklwit inepnrlsdi ynrsgndtyg
aahnllwvaha
721 lawrlydrgf rpsgrgavel slhadwaepa npyadshwra aserflgfeia
wifacplfktyg
781 dypaamnreyl askhrrglss salprlteae rrllkgtvdf calnhfttrf
vinheqglagsr
841 ydedrdigfl gditrlsspt rlavipwgvr kllrwvrrny gdmdivyitas
giddgaledd
901 rlrkyylgky lgevlkayli dkvrikgyva fklaeekskp rigiftsdik
akssigfynk
961 vissrgfpfe nsssrcsgtg entectvelf lvgkkplifl goocffstlvl
llsiaifgrg
1021 krrklfwkakn Ighiplkkck rwvvs

Human Klotho domain 1 (KL-D1) amino acid sequence (SEQ ID NO: 3)

58

ggt
61 fpdgflwavg saaygtegcw gghgkgasiw dtfthhplap pgdsrnaslp

lgapsplgpa

121 tgdvasdsyn nvfrdtealr elgvthyrfs iswarvlpng sagvpnregl
ryyrrllerl

181 relgvogevvit lyhwdlpgrl gdavggwanr aladhfrdva elcfrhfggg
vkywitidnap

241 yvvawhgyat grlapgircs prlgylvahna 11lahakvwh lyntsfrptg
gggveialss

301 hwinprrmtd hesikecckesl dfv_gwfakp viidgdyrpes mknnlessilp
dftesekkfi

361 kgtadffalc fgptlsfgll dphnkirgle spnlrgllsw idlefanhpgl
fivengwfvs

421 gttkrddaky myvlkkfime tlkaikldgv dvigytawsl mdgfewhrgy
sirrglfyvd

4831 flegdkmllp kssalfygkl iekngf

Human Klotho domain 2 (KI1.-D2) amino acid sequence (SEQ ID NO: 6)

517 gtfp cdfawgvvdn
yvigvdttlsg

541 ftdlnvylwd vhhekrlikv dgvvitkkrks vyvovdfaaige gizallgemhv
thfrfsldwa

601 lilplgngsg vnhtilcyyr cmaselvrva itpvvalwge mapngglprl
larggawenp
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661 ytalafaeva
whvynekfrh

721 agngkisial
pwvnrdwlng

781 ronnfl_pyft
gemnbdi Llwln

B41 spsgvavvpw
mognvyincallk

901 ahildginlc

Klotho extracellular domain (without signal peptide) amino acid sequence (SEQ 1D

NO: 7)

28
peaaglfggt
&l fpdgf_wavg
lgapsplagpa
121 tgdvasdsyn
ryyvrrllerl
181 relgvgpvvt
vaywitidng
241 yvvawhgyat
gggvsialss
301 hwinprrmtd
dftesekkfi
361 kgtadffalc
fivengwfvs
421 gttkrddaky
sirrglfyvd
481 flsgdkmllp
vigvdttlsg
541 ftdlnwvylwd
thifrfsldwa
601 lilplgngsg
larggaweng
60l ytalafaeyva
whvynaekfrh
721 agngkisial
pwyvmrdwlng
781 ronfl pyft
qemtditwln
841 spsgvavvpw
onyinealk
901 ahildginlc
ngfpgpetle
961 rfcpeeftvc

Klotho signal peptide amino acid sequence (SEQ 1D NO: 8)

Oct. 25, 2016

rlacfagelghh
gqadwiepacp
ecekkligg=
glrkvlinwlx<

gyfavsfndr

saaydteggw
nvirdtealr
Ivhwdlpgrl
grlapcirgs
h=ikecgksl
fgptlafgll
myylkktfime
kssalfvygkl
vhhaekrliky
vnhtilgyyr
rlcfgelghh
gqadwiepacp
ccckkliggz
glrkvlnwlz
gyfavesfndr

tecsffhtrxz
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vklwitmnep
fagzdkevae
fdflalshyt
fkygdlpmyi

taprfglyry

qahgkgasiw
elgvthyrfs
gdayggwany
prlgylvahn
dfvlgwfakp
dphmkfrgle
tlzaikldgy
iengfoplp
dgvvtkkrks
cmaselvrvn
viklwitmnep
fesgzdkevae
fdflalshyt
fkygdlpmyi
taprfglyry

sl

vhrnmrtysag
rv_efdigwl
ti’vdsekec
isngiddglh

aadgfespkas

ecgdgac
dtfthhplap
iswarvlpng
aladhfrdyva
11l ahzkvwh
vfidgdypes
spnlrgllsw
dvigytawsl
encelagtfp
vovdfaailop
iTtpvvalwap
yiornmtysag
rv_efdigwl
tiZvdsckea
isngiddglh

aadgfsepkas

1 mpasapprrp reppeslsll 1vllglggrr lra

TeG signal peptide amino acid sequence (SEQ ID NO: 9)

1 msvltgvlal 1lllwltgtrc rrlra

US 9,475,857 B2

hnllkahala
aepifgagdy
pikyndylev
asddgl rvyy

mkbyrkiids ngf

twerfsrppa
pgdsrnaslp
sacvpnregl
elaefrhfggg
lyrtezZrptg
mkrnlssilp
idlefnhpgi
mdc fewhrgy
cdfawgvvdn
qizllgemhv
mapngglprl
hnllkahala
aepifgsgdy
pilikyndylov
aeddglrvyy

mkkyrkiids
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(Gly4 Ser); polypeptide linker nucleic acid sequence (SEQ ID NO: 10)

1 ggaggtggag gtteaggagg tggaggttca ggagotggag gttcea
(Gly, Ser); polypeptide linker amino acid sequence (SEQ ID NO: 11)

1 GGGESGEEEES GGGGS

(Gly4 Ser) polypeptide linker amino acid sequence (SEQ ID NO: 12)
1 GGGGS

(Gly) polypeptide linker amino acid sequence (SEQ ID NO: 13)

1 G

(Gly Gly) polypeptide linker amino acid sequence (SEQ ID NO: 14)
1 GG

(Gly Ser) polypeptide linker amino acid sequence (SEQ ID NO: 15)
1 GS

(Glyz Ser) polypeptide linker amino acid sequence (SEQ ID NO: 16)
1 GGS

(Ala) polypeptide linker amino acid sequence (SEQ ID NO: 17)
1A

(Ala Ala) polypeptide linker amino acid sequence (SEQ ID NO: 18)
1 AA

Klotho signal peptide-Klotho extracellular domain-FGF23 (R179Q)
amino acid sequence (SEQ ID NO: 19)

1 MPASAPPRRP RPPPPSLSLL LVLLGLGGRR LRAEFGDGAD) TWARESRPPA
51 PEAAGLFQGT FPDGFLWAVG SAAYQTEGGW QQHGEGASTW DTFTHHPLAP
101 PGDSERNASLP LGAPSPLQPA TGDVASDSYN NVEFRDTEALR ELGVTHYRES
151 ISWARVLPNG SAGVPNREGL RYYRRLLERL RELGVQPVVT LYHWDLPQRL
201 QDAYGGWANR ALADHERDYA ELCXEHEGGO VEYWITIDNE YVVAWHGSYAT
251 GRLAPGIRGS PRLGYLVAHN LILAHAKVWH LYNTSFRPTIQ GGQVSIALSS
201 IIWINPRRMTD IISIKECQKSL DIVLGWIAKE VI'IDGDYPLES MENNLISILP



U.S. Patent Oct. 25, 2016 Sheet 12 of 40 US 9,475,857 B2

FIGURE 2J

351
401
451
501
551
601
651
701
751
801
851
201
951
1001
1051
1101
1151
1201

DFTESEKKFI
IDLEFNHEOT
DVIGY TAWSL
IEKNGEPELP
VHHSKRLIKVY
LILPLGNGSQ
LARQGAWENP
HNTLLEKAHATA
RVLEFDIGWL
FDFLALSHYT
GLREKVILNWLK
AHILDSINLC
NGFPGEETLE
KYPNASPLLG
MIRSEDAGEY
YDVYHSPQYH
PREUTOSEED
LGVVRGGEVN

KGTADFEFALC
FIVENGWEVS
MOGFEWERGY
ENQPLEGTEP
DGVVTEERES
VINHTILOYYR
YTALAFAEYA
WEVYNEKFRH
AERPIZGSGDY
TILVDSEKED
FEKYGDLEMY T
GYFAYSENDR
RECPEEFTVC
SEWGGELIHLY
VITGVMERRY
FLVSLGRAKR
DEERDPLINVL
TILAGGETGPEG

FGPTLSEFDLL
GTTKRDDAKY
STIRRGLEYVD
CDEAVWGYVDN
YCVDEAATQF
CMASELVRVN
RILCEFQELGHH
AQNGEISTAL
PWVMRDWLIND
PIKYNDYLEV
ISNGIDDGLH
TAPRI'GLYRY
TECSEPFHTRE
TATARNSYHL
LCMDERGNIE
AFLPGMNPEP
KPRARMTPAP
CRPIAKI'I*

DPIMKERCLE
MYYLKEFTME
FLSODEMLLE
YIQVDTTLSO
QIALLQ=MHYV
ITPVVALW)P
VKLWITMNEP
QRDWIE2ACP
RNNEFLL2YET
QEMIDITWLN
AEDDQLAVYY
AAD)FEZKAS
SLGESEGEGEESE
OTHKNGHY DG
GSHY FD2ENC
YSQFLSRRNE
ESCSQELPSA

SPNLRQLLSW
TLEATKLDGY
KSSALFYQKL
FTDLNVYLWD
THFRFSLDWA
MAPNDGLERL
YTRMMTYSAG
FSOKDKEVAE
EDEKKLIQGT
SPSOVAVVEW
MONYINEALK
MKHTYRKIIDS
GGGSGEEGST
APHOTIYSAL
RFOHOTLENG
IPLIHFNTPI
EDNSPMASDP

IeG signal peptide-Klotho extracellular domain-FGF23 (R179Q)
amino acid sequence (SEQ ID NO: 20)

1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951
1001
1051
1101
1151
1201

KI-D1-FGTI23 (R179Q) amino acid sequence (NI.Q TD NQO:

1
51
101
151
201

MSVLTOVLAL
GTIPDSILWA
LPLGAPSPLIQ
NGSAGVPNRE
NRATLADHERD
GSPRELGYLVA
TDHSIKECOK
FIKGTADELA
QIFIVENGWE
SLMDGEFEWHR
LPENQPLEGT
EVDGVVTEKR
SOVNHTTILOY
NEYTALAD'ADL
LAWHVYNEKE
WLAEPTIEFCSC
YTTILVDSEK
LEKFKYSDLPM
LCGYFAYSEN
LERFCPEEET
LESSWEELIH
EVVITGVMSE
YHELYSLGEA
EDDSERDPLN
VNTHAGGTGP

MPASAPPERFE
PEAAGLFQGT
PGDSENASLP
ISWARVLENG
QDAY GEHWANR

LLLW_TGLGG
VESAAYQTEG
PATGDVASDS
GLRYYRELLE
YAELCFRHEG
HNLLOAEAKY
SLDEVLGWEA
LCEGPTLSEQ
VEGETTKEDDA
GYSIRRGLFEY
FECDZAWGVY
ESYCVDFAAT
YRCMASELVR
YARLCI'CGELG
REAQNGKIST
DY PWVMEDW_,
EDPIKYNDYL
YITSNGIDDG
DETAPREGLY
VCTECSEFHT
LYTATAENSY
RYLCHMDERGHN
KEAT PGMMNFP
VLEPRAERMTP
EGCRPFAKET

REPPFSLSLL
FEDGILWAVG
LGAPSPLQPA
SAGVPNEEGL
ATATHFEDY A

RRLRAEPSDG
GWOOIIGKSGAS
YNNVERDTEA
RLRELGVOPY
GOVEYWITID
WHLYNTSERFP
KPVIEIDGDYP
LLDFPHMEERD
KYMYYLKEET
VDELSQDEML
DNYIQVDITL
QPQIATLTLOEM
YNITEVVALW
IIIVELWITMN
ALOADWIEPA
NOENNELLPY
EVOEMTDITW
LHAEDDQLEY
RYARDQFEPK
REKSLGSGEEGE
HLOIHEMNZHY
IFGSHYEFDPE
PPYSQFLSRERE
APASCSQELP

&

LVLLGLGGRE
SARYQTESGW
TGDVASDSYN
RYYRRTLLERL
FETCOFRHFEGED

24

EQTWARFSRP
TWDTETIIIPL
LRELGVTHYR
VTLYHWOLED
NPYVVEWHSY
TOGEOVSIAL
ESMENNLSSI
LESENLRQLL
METLKAIKLD
LPKSSALFYO
SOFTDLNVYL
BEVTHFRFSLD
OPMAPNQGLP
EPYTRMMTYS
CPFSQEDKEV
FTEDEKXLTO
LNSESQVAVY
YYMONYINER
ASMKHYRKTIT
SEGEESEEEE
DEAPHOTIYS
NCREQHQTLE
NEIFLIHFNT
SAEDNS=MAS

LRAEFGDGAQD
QOHIKGASTW
NVFREDTZALR
RELIVOIVVT
VEYWTTTTNP

PAPEAARGLEQ
APPGDSENAS
FSTISWARVLE
RLODAYGGWA
ATGRELAPGZR
SSHWINPEEM
LEDEFTESEKK
SWIDLEFNHP
GVDVIGYTAW
KLIEENGEPP
WDVHHSERLT
WATLILPLGHNOQ
RLLARQGAWE
AGIINLLEAIIA
AERVLEFDZG
CTEFDFLALSH
PWGLREVLINW
LEKAHTLDGZN
DSNGEFPGPET
SLEYFNASPL
ATMIRSEDA
NGYDVYHSFPQ
PIPRRHTQSA
DPLGYVRGGR

21)

TWARESRPPA
DTETHHFPLAP
ELGVTHYRES
LYHWDLPQRL
YV RAWHGEY AT
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251
301
351
401
451
501
551
601
651
701
751

KL-D2-I'GI23 (R179Q) amino acid sequence (SI.Q ID NO:

1
51
101
151
201
251
301
351
401
451
501
551
o0l
651
701
751

GRLAPGIRGS
HWINPEEMTD
DFTESEEE=T
IDLEFNHPOT
DVIGYTAWSL
IEKNGEFPLP
ITHLYTATARN
SREYLCMD:-R
RAKRAFLPGM
LNVLKPRARM
GPEGCRPEAK

MPASAPPREP
VY DNY 1OV D
ATOPOIALLD
VREVNITPVVA
LGHHVELWIT
STATLQACWIE
WLNQRNMNIZL
YLEVOEMTDI
DGLHAELCDQL
LYRYAACQZE
HTEKSLGS GG
SYHLQTHENG
GNIFGSHY =D
NPPPYSQFLS
TEAPASCSOE
FI*

PRLGYLVAHN
HSTKECQKSTL
EKGTADEEPALC
FIVENCWEVS
MDGFEWHRGY
ENQPLEGSGG
SYHLQIHKNG
GNIPFGSHYED
NPPPYSQFLS
TPAPASCSQE
FI*

RPPPPSLSLL
TLSQETDLMNY
EMHVTHIRES
LWOPMAPNQG
MNEPY TRNMT
PACPFACOKDK
PYFTECEKKL
TWLNSPSQVA
EVYYMONYIN
PKASMKHYRK
Eellelelnlel-Tele
HYDGAPHOTT
DENCRFQHOT
RRNETPT,THF
TLPSARCHSPM

LLLATAKVWH
DEVLGWEFAKP
FGPTLSFQLL
CTTERDDAKY
SIRRGLFEYVD
GGSGEGG3GG
HVDGAPHQTT
PENCREFQHOT
RENEIPLTHF
LPSAEDNSPM

LVLLGLGGRRE
YLWDVHHSKE
LDWALILPLG
LPRLLARQGA
YSAGANLLEA
EVAERVLEFD
IQETEDEFLAL
VVPWGELREVL
EALKAHITLDG
ITDSNGEFPGE
GGSLEKYPNAS
YSATMIRSED
LENGYDVYHS
NTEZPRRHTQ
ASDFLGYVRG

LYNTSFRFTO
VEZDGDYPES
DEFHMKFRQLE
MYYLEKEFIME
FLSQDEMLLP
GGSLEKYFNAS
YSATLMIESED
LENGYDVYHS
NTPIPREHTQ
ASDZLGVVRG

LEFLZENCFPLE
LIKVDGYVIK
NOSOVNETIL
WENZYTALAE
HALAWHYYNE
IGWLAEFTIFG
SEYTTILVDS
NWLXFKYGDL
INLCGYEFAYS
FETL=RFCFEE
PLLGSSWGGL
AGEVVITGVM
POYHFLVSLG
SAEDDSERDFE
GEVNTHAGGT

GGOVSTALSS
MEKNNLSSILFE
SPNLRQLLSW
TLEATIKLDCV
KSSALFYQKL
FPLLGSSWGGL
AGEVVITGVM
FOQYHFLVSLG
SAEDDSERDP
GRVNTHAGGT

22)

GTEPCDEAWG
KEKSYCWDEA
OYYRCMASEL
ARYARLCEQE
KFRHAQNGETL
SGCYPWWMRD
EKEDPIKYND
FPMYIISNGID
ENCRTAPRE=
FTVCTECSEF
IHLYTATARN
SERYLCMDER
RAKRAFLDGM
LNVLKPRARM
GFEGCRFPEFAK

(KL-D1),-FGF23 (R179Q) amino acid sequence (SEQ ID NO: 23)

1
51
101
151
201
251
201
351
401
451
501
551
601
651
701
751
801
851
801
951
1001
1051

MPASLPPRRP
PEAAGLEQGT
PGDSRNAS™P
ISWARVLPNG
QDAY GGWANE
GRLAPGIRGS
HWINPRRMTD
DFTESEKKZT
IDLEFNHPQI
DVIGYTAWSL
IEKNGEPPP
DTFTHHPLAP
ELGVTHYRZS
LYHWDLPORL
YVVAWHGY AT
GGOVSTALSS
MENNLSS TP
SPNLROLLSW
TLKATKLDGY
KSSALFYQKL
GGLIHLYTAT
GVMSREYLCM

RPPPPSLSLL
FEDGELWAVEG
LGAPSPLOPA
SAGVPNREGL
ALADHERDYA
PRLGYLVAHN
HSTKECOKSL
KGTADELDALC
FIVENGWEYS
MDGEEWHRGY
ENQPLEGSGT
PGDSENASLPE
ISWARVLPNG
ODAYGGWANR
GRLAPGIRGS
HWINFREMTD
DFTESEFEKFT
IDLEFNHPQI
DVIGYTAWSL
IEKNGEFEFG
ARNSYALQIH
DFRGNIIGSH

LVLLGLGGRR
SAAYQTEGGW
TGDVASDSYN
RYYRRLLERL
EICFRHEGGS
LLLAAARKVIWH
DEVLGWEAKP
FGPTLSEFQLL
GTTKRDDAKY
SIRRGLEYVD
FPDEELWAVG
LGAPSPLOPA
SAGVPNREGL
ALADIFRDYA
PRLGYLVAHN
HSTKECQKSL
KGTACFFALC
FIVENGWEYS
MDGEEWHRGY
SCEGEESGEEE
KNGHVDGAFH
YEFDPENCRED

LEATPGDGRD
OOHGKGAS TW
NVFRDTEALR
RELGVQEVVT
VEYWITIDNP
LYNTSFRPTO
VEZDGDYPES
DFIMKEFEQLE
MY YLKKEIME
FLSQDEMLLP
SEAYOTEGGH
TSDVASDSYN
RYY2RLLERL
ELCFRHFGGQ
TLLLAHEKVWH
DEVLGWFAKP
FGPTLSFOLL
GTTXRDDAKY
STRRGLEFYVD
SGGEGESLKYP
OT-YSALMIR
HQTLENGYDV

TWARFSREPPA
DT ETHHPLAP
ELGVTHYRFS
LYHWDLPQRL
YVVAWHGYAT
GGQVSIALSS
MKNNLSSILE
SPNLRQLLSW
TLKAIKLDGY
KSSALFYQKL
QOHGKGASIW
NVERDTEALR
RELGVQPVVT
VKYWITIDNP
LYNTSFRPTO
VFIDGDYPES
DPHMKFRQLE
MY YLKKFIME
FLSODKMLLP
NASPLLGSSW
SECAGFVVIT
YHSPQYHFLV
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1101 SLGRAKRAST PGMNPPPYSOQ
1151 RDPLNVLKEPR ARMTPAPASC
1201 GGTEPEGCEP FAKFETI~=

FLSRRNETIPL “HFNTPIPRR ETQSAEDDSE
SQEZPSAEDN SPMASDELGY VRGGRVNTHA

(KL-D2)-I'GF23 (R1790Q) amino acid sequence (SEQ ID NO: 24)

1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
fh1
801
851
201
951
1001
1051
1101
1151

FGF23
25)

51
101
151
201
251
201
251
401
451
501
551
601
651
701
751
801
851
501
951

1001

MPRSAPPRRE
VVDNYIQVET
ALQPOLAL_Q
VRVNITPVVA
LGHHVELWIT
STAZQREDWIE
WLNQRNNF_L
YLEVQEMTLT
DGLHAEDDOL
TYRYARDQTF
HIRKSLGTZP
DGVVTKKRES
VNIITILOY YR
YTAZAFARYA
WHVYNEKEFRH
AFPIFGSGLY
TILVDSEKED
FKYGDLPMYT
GYFAYSFNLR
CEGEESEGGEES
GAPHOTIYSA
CRFQHQTLEN
ETP-IEFNTE
AFDNSPMAST

(R179Q) -Klotho extracellular domain amino acid sequence (SEQ ID NO:

MLGARLRLWYV
YHLOIFEENGH
NIFGSEYFLP
PPPYSQITLSRE
PAPASCSQEL
1GSGEGGEES GG
GELWAVGSAA
PSPLOFATGD
YPNREGLRYY
DHFRDYAEZC
CYLVAENLIL
KECQKSLD=V
ADFALCEGE
ENGWEVSGTT
FEWHRGYS IR
PLEGTFPCLCFEF
VTEKRESYCV
TILOYYRCHMA
LAFAEYARZC
YNEKFEHAQN
ITFGSGDYEFWYV

RPPPPSLSLL
TLSQFTDLNV
EMHVIHEEES
LWQPMAPNQG
MNEPY ZRMNMT
PACPESOKDK
EYEFTEDEKKL
TWLNSPSQVA
EVYYMONYIN
PKASMKHYRK
CDEAWGVYDN
YOVDEAAIQPE
CMASELVRVN
RLCFQELGHH
ADNGKISIAL
PWVMRDWLNQ
PIKYNDYLEV
ISNGIDDGLH
TAPREGLYRY
LKYPNASPLL
IMIRSEDAGE
CYDVYHSPQY
IPRRHTQSAE
PT.GVVRGEGERY

CALCSVCSMS
VDGAPHOTIY
ENCREQHDTL
RNEIPLIHEN
PSAEDNSPMA
GGSGGGGSLK
YOTEGGWOOH
VASDSYNNVE
RRLLERLREL
FRHFGGQVEY
MHAKVWHLYN
LEWFRKPVEI
TLSFQLLDPH
KRDDRKYMY Y
RGLFYVDFLS
BWGVVDNYTQ
DFRRTQPQTA
SELVRVNITE
FOELGHHVEL
GKISTALQAD
MRDWLINQRNN

LVLLCLCCRR
YILWEVHHSKR
LDwWALLLEPLG
LPRLLARQGA
YSAGHNLLEA
EVAERVLEFD
IQGTEFDELAL
VVPWGLREVL
EALKAHTLDG
TTDHSNGFPGP
YIOVDTTLSO
GIASLLOEMHY
ITEVVALWOE
VELWITMNED
CADWIEPACP
ENN-LLPYET
CEMTDITWLN
AFDEQLERVYY
AADQFEPKAS
GSSWGGLIHL
VVITGVMSER
EFLVSLGRAK
DDSERDPLNVY
NTHAGGETGPE

VIRAYPNASTE
SALMIRSEDA
ENGYDVYHSP
TPTPRRHTOS
SDPT.GVVRGG
EPGLGRQTWA
GKGASIWDTE
EDTEALRELG
GYDPVVTLYH
WITIDNPYVY
TSFRPTQCCY
DEDYPESMKN
MKFRCLESPN
LKK7 IMETLK
CDKMILLPKSS
VDTTLSQFTD
LIOEMHVTHF
VVATWQPMAD
WITMNEPYTR
WIRPACPFSO
FILLEYFTEDE

LPLEENGPLE
LIKVDGVVTK
NOSOVNET L
WENPYTALAT
HALAWHV YNE
TGWLAEPIFG
SHYTTILVDS
NWLEFKYGDD
CNLOGYFAYS
FTTRRFOPRE
FTDLNYY LWL
THERESLDWA
MAPNGGLER,
YTRNMTY SAG
FSOKDKEVAR
EDEKKLIQGT
SPSQVAVVEW
MONY INEALK
MKHY RKI IDS
VTATARNSYH
YILCMDFRGNT
RAFLPCMNPP
LKPRARMTEA
GORPFAKFT

ILLGSSWGEGLT
GEVVITGVMS
QOYHFLVSLGR
AFRDDSEEDP_,
EVNTHAGGTG
RESREPAPEA
THHPLAFPGLE
VTIIY RING TSW
WDLEPOQRLOGDA
AWHGYATGRD
VS IALSSHWI
NLSSILEDET
LROLLSWIDL
ATKLDGEVDVI
ATFYQKLTEK
LNVYTLWDVHH
RESLDWALTZ,
NOQGLPRLLAR
NMTY SAGHN,
KDKEVAERV.,
KELIQGTEFD=

CTEPCDEAWC
KREKSYCVDEA
QYYRCMASHEL
AEYARTLCEFQE
KFRHAQNGKI
SGDYPWVMED
ERKECPIEYND
FMYTITISNGID
FNDETAFPREG
FTVCOTECSFER
YHHSKRLIKEY
LILPLGNQSO
LAROQGAWLENE
ENLLKAHATA
EVLEFDIGWL
FDFLALSHYT
GLREVLNWLEK
AHTTDGINLC
LNGEGSGGEEGES
LOTHENGHVD
FGSHYFDPEN
EYSQFLSRRN
BEASCSQELPS

ELYTATARNS
ERYLCMDERG
AKRAFLPGMN
NVLEERARMT
PEGCRPFAKF
AGLEQGTEPD
SENASLPLGA
ARVLENGSAG
YGGWANRALA
RFCIRGSPRL
NPREMTIDHS I
ESEKKFIKGT
EFNHPQIELV
GYTAWSLMDG
NGFPPLEPEND
SKRLIKVDGY
PLGNQSOVNH
CGAWENPYTA
LEAHALAWHY
EFDIGWLAEP
LALSHYTTIL
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1051
1101
1151
1201

YDSEKEDPIK
GDLEMYTIISN
AYSEFNDRTAFE

YNDYLEVQEM TOITWLNSPS OVAVVPWGLR EKVLMNWLKEKY
GIDDGLHAED DQLEVYYMON YINEALKAHT LDGINLCGYE
EFGLYRYAAD QFEPKASMKH YRKITDSNCE PGPETLERFEC

SEEFTVCTEC

SFFHTRESL*

FGF23 (R179Q) -KL.-D1 amino acid sequence (SEQ ID NO: 26)

1
51
101
151
201
251
301
351
401
451
501
551
601
651
652

MLGARLRLWY
YHLOTHENGH
NIFGSHYEDFE
ZPPYSQELSE
PAPASCSQEL
IOGTEPDGEL
ASTPLGAFPSFE
LPNGSAGVEN
WANRATLALCHE
IRGSPRLGYL
SMIDHSIEKEC
ZEFIKGTADE
HPOIFIVENG
AWSLMDGEEW

*

CALCSVCSMS
VDGAPHOTIY
ENCREQHQTL
ENELPL_HEN
PSAEDNSPMA
WAVGSAAYQT
LOFPATGDVAS
REGLRY¥RRL
RDYARELCFRH
VAHNLLLAHA
QKSLDEVLGW
FALCEGPTLS
WEVSETTKRD
HRGYSIRRGL

VILRAVENASE
SATM-RSEDA
ENGYDVYHSP
PO L PRRHTOS
SOPLGVVRGE
EGGWOOHGKG
DSYNNVERDT
L=ZRLEELGVQ
FGGOVKYWIT
KVWHLYNTSE
FAKPVEIDGD
FOLLDPHMKE
DREKYMY ¥ KK
FYVDFLSODK

TTEISWEET T
GFVVITGVMS
OYHFTVST.CR
ARDDSERDEL
RVNTHAGGETS
ASIWDTETHH
EALRELGYVTH
PVVILYHWDL
TDNPYVVAWH
RPTOGGOVSI
YPESMENNLS
ROLESPNLEQ
FIMETTKATK
MLLPKSSALF

HLYTATARNS
ERYLCMDERG
AKRAFLPGMN
NV LEPRARML
PEGCRPFAKFE
PLAFFPGDSRN
YRESTSWARY
PORLODAY GG
GYATGRLAFG
ALSSHWINPR
SILPDFTESE
LLSWIDLEEFN
LDGVDVIGYT
YOKLIEKNGE

FGI23 (R1790Q) -K1L.-D2 amino acid sequence (SEQ ID NO: 27)

1
51
101
151
2m
251
301
351
401
151
501
551
601
651

MLGARLRLWY
YHLOTHKNGH
NIFGSHYEDE
PPYSQFLSR
SPAPASCSOQRT
IGTFPCDE AW
“EKRKESYCVDE
LOYYRCMASE
FAEYARLCEC
AKEEHAQNGK
G5 SDYPWVME
SEREDPIEYN
LPMYTITISNGT
SEFNDRTAPRE

CALCSVCSMS
VDGAPHOTTY
ENCREQHOTL
RNETPL-HFN
PSEFDNSPMA
GVVDNY “QVD
BATQPQ-ALL
LVRVNITEVY
FLGHHVKLWI
1S 1ALOADWL
DWLNQRNNFT
DYLEVQEMTD
DDGLHAEDDO
GLYRYAADQF

VLRAYPNASP
SALM_RSEDA
ENGYDVYHSP
T>TPRRHTQS
SOPT.GVVRGE
TTLSQFTDLN
QTMHVTHFRF
ATWQPMAPNQ
TMNEPY TRNM
K SACPRSOKD
L2YFTEDEKK
ITWLNSPSQV
LRVY YMONY T
E2KASMKHYR

LLGSSWGGLI
GEVVITGVMS
QYHFLVSLCR
AEDDSERDFEL
RVNTHAGGET
VYLWDVHHSK
SLDWATLILEL
GLPRLLARCG
TYSAGHNLILE
KEVAERVLEE
LIQSTEFDFLA
AVVPWGLREV
NEALKAHTIID
KIIDSNGE*

HLYTATARNS
EEYTLCMDERG
AKRAFLPGMN
NVLEPRARMT
PRGCRPFARKE
FELTEVDGVVT
GNOSOVNHT I
AWENPYTATA
AHATAWHVYN
DlGWLAEP L
LSHYTTILVD
LNWLEFEXGD
GINLCGYEFAY

FGF23 (R179Q) (KL-D1); amino acid sequence (SEQ ID NQO: 28)

1
51
101
151
201
251
301
351
401
451
501
551
601

MLGARLRLWY
YHLO ITHENCH
NIFGSHYEDE
PPYSQILSRE
PAPASCSQEL
TOSTEFPDGEL
ASLPLGAPSFE
LPNGSAGVEN
WANRALACHE
IRSSPRLGYL
SMTDHSTIEEC
ZKFIKGTADF
HEPQIFIVENG

CALCSVCSMS
VDCMAPHQTIY
ENCREQHOTL
ENEIPL_HEFN
PSEEDNSPMA
WAVGSARYOT
LOPATGDVAS
REGLRY VRRL
RDYAELCFRH
VAHNLLLAHA
QKSLDEVLGW
FALCEGPTLS
WEVSGETTKRD

VILRAVDNASD
SALMZRSEDA
ENGYDVYHSP
T2IPRRHTQS
SOPLGVVRGE
EGEWOOHGKS
DSYNNVFRDT
LEZRLRELGVQ
FEGOVKYWIT
KVWHLYNTSFE
FAKPVEIDGD
FOLLDPHMEF
DAKYMY Y TLKK

LLGSSWGEGLI
CEVVITCVMS
QYHFLVSLGR
AFEDDSERDEL
RVNTHAGGTG
ASTWDTFTHH
EALRELGVTH
PVVILYHWDL
TDNDYVVARH
RPTOGGEOVST
YPESMKNNLS
ROLESPNLRQ
FIMETLKATK

HLYTATARNS
EEYLCMDERG
AKRAFLPGMN
NV LEPRARMT
PEGCRPFAKF
PLAFPGDSRN
YRESTSWARY
PORLODAY GG
GYATGRLAPG
ALSSHWINPR
SILPDFTESE
LLSWIDLEFEFN
LDGVDVIGYT
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6bl AWSLMDGEEW
701 QGTEPDGELW
751 SLPLGAPSPL
801 PMNGSAGVFENR
851 ANRALADHER
901 RGSPRLGYLV
851 MTDHSIKECQ
1001 KEFIKGTADEFE
1051 PQIFPIVENGHW
1201 WSLMDGEEWH

Oct. 25, 2016

HRGYSIRRGL
AVGSAAYQTE
OPATGDVASD
EGLRYYRRLL
DYAELCEFRHE
AHNLLLAHAK
KSLDEVLGWE
ALCFGPTLSE
FVSGTTERDD
RGYSIRRGLE
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FYVDFLSQDK
GCWOQOHGKGA
SYNNVFRDTE
EXLRELGVQP
GEOVKYWITT
VWHLYNTSFR
AXPVFIDGDY
QLLDPHMKER
AXYMYYLKKFE
vYDFLSQDKM

MO IPKSSALF
STWDTFTHHP
ATRETGVTHY
VT YHWDT.P
DNPYVVAWHS
PTOGGOVSTA
PESMENNT, S5
O_ESPNLRQL
TMETTKATKT,
L_PKSSALFY

US 9,475,857 B2

YOKLIZKNGE
LAPPGDSENA
RFSISWARVL
QRLODAYGGW
YATGRLAPGI
LSSHWINPER
ILPDFTESEK
LSWIDLEEN:
DGVIVIGYTA
QKLIEXNGE*

FGF23 (R179Q) -(K1.-D2); amino acid sequence (SEQ ID NO: 29)

1 MLGARLRLWYV
51 YHLOIHENGH
“01 NIFGSHYFDP
251 PPPYSQFLSE
201 PAPASCSQEL
251 IGTEPCDEAW
301 KKRESYCVDFE
351 LOYYRCMASE
401 FAEYARLCFQ
451 EKFRHAQNGK
501 GSEDYDWVMR
551 SEKEDPIKYN
601 TEMYTTSNGT
651 SFNDRTAPRF
701 DNYTQVDTTL
751 QPQIATTLOEM
501 VNITPVVALW
851 HHVETWTTMN
901 ALQADWIEPA
951 NQRNNFLIEPY
1001 EVQEMTDITW
1051 LHAEDDQLRY
1201 RYAADQFEPK

CALCSVOSMS
VDGAPAQTIY
FNCRFOHOTL
RNEIPLIHFN
PSAEDNSPMA
GVVDNYIQVD
AATQPOIALL
LVEVNITDVY
FLGHHVKLWT
ISTIALOADWI
DWLNQRNNFL
DYLEVQEMTD
DDGELHAEDDO
GLYRYBADQF
SQFTDLNVYL
HVTHFRFSLD
OPMAPNQGLP
FPYTRNMTYS
CPFSOKDKEV
FTEDEKKLTIQ
LNSPSOVAVY
YYMONYINER
ASMKHYRKII

VIRAYPNASP
SATMIRSEDA
ENGYDVYHSP
T>IPRRHTOS
SOPLGVVRGG
TTLSQETDLN
QIMHVTHFRF
ATWOPMAPNO
TMNEPYTRNM
EZACPESOKD
1.oYFTEDEKK
TTWLNSPSOV
TRVYYMONY T
FoKASMKHYR
WIOVEHSKRLT
WAL TTPT.GNO
RLLARQGAWE
RBEHNT T KEHA
ATEVLEFDIC
GTFDFLATSH
PWGTREVINW
LXAHILDGIN
DSNGE*

1 .GSSWCEGTT
GIVVITGYMS
QOYHFLVST.GR
AEDDSERDPL
RVNTHAGGTG
VYLWDVHHSK
STOWALTLPL
G PRLLAROS
TYSAGHNT LK
KEVAERVLEF
LIQGTEFDFLA
AVYEWGLREV
NEATLKAHTLD
KITDSNGFGET
KVDGEVVTEKE
SOVNHTITOY
NPYTATAFAR
TAWHVYNEKF
W.AEPTFGSS
YTTTLVDSEK
TLKFKYGDLPM
LCGYFAYSFEN

HLY TATARNS
RRYLCMDERG
AKRAFLPGMY
NVLKPRARMT
PESCROFAKE
RLIKVIOGVVT
GNOSOVNHT T
AWENPYTALA
AHATAWHV YN
DISWLAEPIF
LSHYTTILVD
LNWLKFKYGD
GINLCGYFAY
FPCDFRWGYY
KSYCVOFAAT
YRCMASELVE
YARTLCFQELG
RHRONGKTST
DY PWVMRDWL
EDFIKYNDYL
YITISNGIDDG
DRIAPRFGLY

FGF19 nucleic acid sequence (NM_005117) (SEQ ID NO: 30)
Protein coding region (464-1114)

1 gctccoccageco
gagacoegge

51 cgctaagega
caccacocgget

.21 gggacaagaa
ctggggecdg

~81 aggeggggtyg
cgataagaaa

241 tgctcgggtg
ataaggetge

301 cygeocecyyay
agggocacga

361 ccatcccaac
agcoc-oocgo

aagaaccteg
ggcoctoctoes
goccgoogoct
tgagtgggtyg
tcttgggeac
coycoycyoo

ccggceactca

gggecgetge
tccogecagat
gccoctgcocagyg
tgtgcggggg
ctaccecgtgg
glLcagageay

cagccocogoa

gcggtgggga
ccgaacggos
goccggggay
geggaggett
ggccegtaag
gageygelyey

gocgcatoooy

ggagttccco
tgggeggggt
ggggcetgggg
Jgatgcaatca
gcgcectactat
Lecaggaloel

gtocgoocgooo
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421 acccacatedg
goegggtgtgt
481 ggtggtccac
gooococotaoge
541 cttoctocggac
gooctgoggoca
601 cctgtacacco
gtgccgacgg
661 cgtcgtggac
aggcagtege
721 tetgoggaco
tgggcgocga
781 cggcaagatg
aggaggagat
841 ccycccagal
tctocactgag
901 cagtgocaaa
ctcatttecct
961 goacatgotg
tggaatctga
1021 catgttcectct
tcacaggact
1081 ggaggocogtg
gootoettoac
1141 tgetgcoccagg
aacagtootg
1201 agtccacgtt
ttcagagttt
1261 tcecattggca
tgtaagocctyg
1321 tagcttgecco
tggacaagct
1381 gctgcactgt
ttecotttgga
1441 aaaattctta
caggagcage
1501 cagaagacag
aaacagcagg
1561 taaatttcac
ggaccatttg
1621 cccttcecccaa
ccaggoettea
1681 ggagtagggyg
ttocacctga
1441 ggeccagttct
tcacctgott
1801 ccatctocca
attggggoct
18¢l cccaggooco
aaaagaaaag
1921 atttgaagac
Jgaagaccta
1981 gaaccctttc
tattttgata
2041 tgtacatctc
glalylaagl
2101 gaggtttgtt

Oct. 25, 2016

coggagoetge
gtatggatcc
gcggggeceo
tcocggococe
tgegogeggy
gtggocatca
caggggctge
gyclacaaly
cagoggcoage
cocatggtoao
tecgezeoctgg
aggagtcoca
ggctgtggta
ctgtttaget
gtgoocagttt
agctyctgce
ctcagttetg
tgtcaagetyg
gecagtagttt
tcaazcccat
atccotcocag
aagostggag
gtcatggatyg
Jococcaccago
ccacottatg
cccaagtett
cccagcactt
ttattttett

ttgtatatta
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goodajagaoco
tggocagygoct
acgtgoacta
acgggotote
gocagagogo
agggcgtgea
ttcagtactc
LyglLaccyale
tgtaczagaa
cagagiagaoc
agaccyacadg
gctttgagaa
cctgeoagegt
ttaggaagaa
ctagcocaata
tgggcocccoca
cttgaatacc
aaattotcta
taatttcagg
gtgggaattyg
gceccagaactg
ccocactcoca
ctgtaotgag
cctetgycoca
tcaacctgea
gtcaataact
ggttttccaa
acattattta

aaatggagtt

cecajggaggt
ctggyotggec
cggcstgggge
cagotgette
gcacagtttg
cagcgtgegg
ggagdaagac
cyaygadygeac
cagaggettt
tgajygacato
catgygacceca
gtaactgaga
ggggyacgtg
acatctagaa
gacttgtectg
ttctgctcecece
tccatcgatyg
attttttete
aacaggtgat
atctatatet
actygagcag
gocotgggac
aataacttge
coctzacatge
cttcttgtto
tgectgtgtgg
catgatattt
tgcooccaaa

tgtttgtaaa

US 9,475,857 B2

coatgegga
gtggcoggge
gacccoatee
ctgegoatee
ctygagatca
tacctotgea
tgtgctttcg
cyselooeygy
cttecactet
aggggocact
tttgggcttg
cocatgoocgg
ctteoctacaag
gttgtacata
atcataacat
togaggttge
gggaactcac
atcacttccc
coactotgta
ctacttecag
goatggccca
aacttgagaa
tgtacoggtyg
ctoecccatgg
aazaatcagqg
aageajeggd
atgagtaatt
ttatatttat

dafdadddaddd addadad
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FGF19 amino acid sequence (NP_005108) (SEQ ID NO: 31)
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1 MRSGCVVVHY WILAGLWLAYV AGRPLAFSDA GPHVHYGWCD PIRLRHLYTS

GPHGL53CFL

61 RIRADGVVDC ARGOSAHSLL EIKAVALRTV ATKGVHSVIY LCMGADGEMO

GLLOYSEEDC

121 AFEEEIRPDG YNVYRSEKHR LPVSLSSAKD ROQLYENRGEFL PLSHELPMLP

MVPEEPEDLE

181 GHLESDMESS PLETDSMDPE GLVTGLEAVR SPSFEK

FGF21 nucleic acid sequence (NM_019113 ) (SEQ ID NO: 32)
Protein coding region 151-780

1 CTSTCAGCTG
GAGTCTACTC
61 ACCTGGACAR
AGCTCACACT
121 CCGGAGATCHA
GTTCGAGCAT
181 TCAGGACTGT
GGCACACCCC
241 ATCCCTGACT
GTACCTCTAC
301 ACAGATGATG
GACGGCT GGG
361 GGCGCTGCTG
GCCGEGAGTT
421 ATTCAAATCT
TGGEECCCTS
481 TATGGATCGC
TCTTGAGGALC
541 GGATACRATG
AGGGAACARS
601 TCCCCACACC
ACCAGGCCTS
66l CCCCCCGCAC
TGTGGGIoTCT
721 TCGGACCCTC
CGCTTCZTGA
781 AGZCAGAGGC
ALCTTALITA
841 TTIT-TTATT
ARAPRDPAND
901 AAARAAARRMR

FGF21 amino acid scquenee (NP_061986) (SEQ ID NO: 33)

1 MDSLCETGEFEH
TDDAQOTEAH
61 LETIREDGTVG
YGSLHEFDPEA
121 CSFRELLLED
PPALPEPPGI
181 LAPQTTDVGS

AGGATCCAGC

CTGGAATCTG

CCTGAGGACC

GGGTTTCTGET

CCAGTCCTCT

CCCAGCAGAC

ACCAGAGCCC

TGGGAGTCAR

TCCACTTTGA

TTTACCAGTC

GGGACCCTGC

TCCCGGAGCC

TGAGCATGGCT

TGTTTACTAT

ITTTCTTACTT

AARAAARPARR

SGLWVSVLAG

GARDDSPESL

GYNVYQSEAH

SDPLSMVGDS

CGAARACAGER

GCACZRATTC

CGAGZCATTG

GCTGECTGEET

CCTGZAATTC

AGAAGCCCRC

CGAARACTCTC

GACATCCAGG

CCCTGAGGIC

CGAAGCCCAC

ACCCIZCAGEA

ACCCGCAATC

GGGAZCTTCC

GACATCTCCT

GAGATAATRA

AAAAMARAADR

GCCAGGZACT

TAAACCACTC

ATGGACTCCG

CTTCTGCTEG

GEGEEECCARG

CTGGAGATCA

CTGCAGCTCA

TTCCTGETGCC

TGCAGCTTCC

GGCCTCCCGED

CCAGCTCGCT

CTGGCCCCCC

CAGGGCCGAN

CTTTATTTAT

AGAGTTCCAG

ARARAARARRA

CAGGCZCACCT

AGCTTCTCCG

ACGAGACCGG

GAGCCTGCCA

TCCGEGECAGCG

GCGAGGAT GG

ARGCCTTGAR

AGCGGCCRGA

GGGAGCTGCZT

TGCACCTGCC

TCCTGCCRCT

AGCCCCCCGA

GCCCCAGCTA

TAGGTTATTT

AGGAGAARAA

LITGACQA=D IPDSSPLLCE GGOVRORYLY

LOLKATKPGYV IQILGVKTSE FLCOQRPDGAL

GLPLHI PGNK SPHEDPAPRG PARFLPLEGL

QGREPSYAS
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FGF23 nucleic acid sequence (NM_020638) (SEQ ID NO: 34)
Protein coding region 147-902

1 cggcaaaaag
agdgagsadgd
61 aaaaggccag
trtacaatataa
121 geaccaygoeoca
tgggtctgtg
181 cecttgtgcag
tococococactge
Z41 tcggoctccag
aacagctacco
201 acctgcagat
atctacegtyg
261 ccctgatgat
atgagcsgas
421 gatacctotg
gaccocgcaga
481 actgcaggtt
totcotecagt
541 atcacttcoct
atgaascccac
c01 ccccgtacte
ttcaacecce
66l ccataccacg
cecclyzacy
721 tgetgaagoc
gagctaococcga
741 gogococgagga
ggcggtegag
841 tgaacacgca
aagttostot
501 agggtcgoctg
tctteccecaag
S0l gaccaggz-cc
tggaatttge
1C21 tgcttcectotg
aggccczagt
1C81 catgggg-tt
ggaaaccoca
1141 acaggtazac
tcccaacata
1201 tttctetzce
aaaasacaaa
1261 aazmaaazzaaa
gggaagegga
1221 aatcggagat
goooogeteo
1281 cactggcatt
gttgatcaaa
1441 acactac—tt
gtcaaazgac
1501 tggtggtagg
tgaggczgga

gagggaatcc
taaggcctge
cliagaygeac
cgtcectgecage
ctggggtgge
ccacaagaat
cagatcagac
catggatttc
Coaacacaac
ggtcagtcto
ccagttocto
goggoacacc
cogggoccege
caacagccco
cgctggggge
gaagggcacc
cttgacgtte

gggtoccttc

tagaaatttc
ttgtgectet
aaaagcagtc
cocagaaget
tgagtgtgcs
caagccttco

ctggtgaaas

agtctaggat
gecaggagag
gycacygalgl
atgagcgtcc
ctgatccacce
ggccatgtgg
Jgatgctgget
agaggcaaca
acgctggaaa
ggcocggdoeda
tcccggagga
cggagogacg
atgaccocogyg
atggccagtyg
acgggcccgd
ctctttaacc
cgaggatggg
cacaggaggt
ctcactocat
cocttcecatga
cctotttate
ggttecctgag
tetacactge
aaccttgaca
ttcttocttg

cttgacaget

cctoacacca
toccocgacagg
Lyygyggeoey
tcagagocta
tgtacacagc
atggcgcacc
ttgtggtgat
tttttggate
acgggtacga
agagagoctt
acgagatccc
aggacgactc
coooggocte
acccattagyg
aaggctgoccy
catccctcag
aaaggtgaca
coctgtgagaa
atagaacacc
ajggtagagag
acttttaage
ctcaagactt
coctatgeatt
ttaacagctg
agcatctctg

agacttgatg

gcectacttgea
agtgtcaggt
celeaggele
tccocaatgeo
cacagccagg
ccatcagaco
tacaggtgtyg
acactatttc
cgtetaccac
ceotgocaggao
cctaattcac
dgagcgggac
c-gttcacaqg
gqgtggtcagyg
ccoccttogee
caaacgcagc
ggggcatgta
ccaacctttg
L-toccaata
aaggggtcetc
a-aaaaaaaa
tgaaggtgta
tatgttagat
aatggggcaa
gggaagagct

cttgctgaaa
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1561 atcataazag
ctgtctecct
1621 ctgtgecagao
cagttcocatga
1661 tacagcczca
ggaataaata

1741 gcttttacac
aatgcaaata

1801 aattccaact
agtacgaatc

1861 cattctgaac
tgggactget

1921 ctgggttagg
aagtcgcatc

1961 aaggactcag
agaczaccac

2041 atggtcaggo
cttecocattag

2101 ttsasacz-ct
cttgctgcat

216l tasatgaagc
ttttecotecc

z221 tectcectttaaa
tcaacaacadg

2281 cttcocttoccca
atactttgat

2341 ctattct-tt
ggttttaagc

2401 tgasacttgaa
agtatatagc

Z46l catgcatggc
attatcctgce

2521 ataatagcta
ggaazactag

ZbEl ttgtaatctc
agccsaaata

Zz6d4l gectocctacaa
atttcgaagt

2701 ttgcectazce
tcctttaette

2761 tgtttaaaat
ttgtegtact

2821 acttaaaagc
cattzgggaa

ZBELl atccagagaa
aaagstttet

72941 teccattcata
Caagttttat

2001 caatattgga

FGF23 amino acid sequence (NP_065689) (SEQ ID NO: 35)

25,2016

aaaactcage ctacotacag
acagocagac ggoacagsat
ccttttggec cecatectetgg
tggctcacgs aaatctgeccco
ctoccotaagac gocatttastt
aaactacaas aatgtgactg
Ltttetgtge actgaaazat
Jgggaaagas atcaggggac
tettgtetgt ggtototsgg
cetaggetgs cacatoctcgg
cttacccoccat tactgogett
tgaccacctzs aaggacacta
gtcactttbtt tttttoctcac
tggttatgac agaaatgttg
Jgactggttc ctattctcaa
gaatatttts atatttctgt
Ltggaggcte ctcagtgezaa
acaaactcas cactaccste
Cttcocttatat ccctogtcat
ttctatattt atagatattt
aaaaataaas tttatctcag
atgtoggaat ataagaataa
Jgcaaaattc aaaaaaacat

aggagactcs atgattttaa

Lttctggt
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ggtgagcacoc
ggccocactao
tttttgaaaa
tgctagaatt
aaggctotac
ggaagggggc
cgtgtocttt
atgttataga
gctotgeago
tcteaataco
cttcotgtaa
tattaacaag
tgccatcaca
ggcaactgtt
acagtaaaac
tttcatttce
gatcccaaaa
aggggtttta
gtggcagtat
ataaaaatgt
cttctgttag
aaaggattat
tttagaattt

ttgatctaga

US 9,475,857 B2

ttatgtoteg
tyttoccaag
tttggtotaa
tgcttttcaa
ttoccaggtitg
tttgagagac
toctectaaatyg
ajgttatgaaa
ajcagtggct
cttggaaatt
gygggctcca
caaagtcgat
tactaacctt
tttacctgat
tatgtataat
tyttggaaat
ggattttggt
tttatggcaa
ttatttattt
azcccctttt
cttatcctct
gogdgaggggasa
tagaattttc

cagaattatt

1 MLGARLRLWY CALCSVCSMS VLRAYFNASP LLGSSWGGLI HLYTATARNS

YHLOTHENGH

61 VDGAPHQTIY SALMIRSEDA GEVVITGVMS RRYLCMDFRG NIFGSHYFDP

ENCRIMCIIQTL
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FIGURE 28

121 ENGYDVYHEZ
TPIPRRHTRS

181 AEDDSERDLL
RVNTHAGGTG

241 PEGCEPFAKF

Oct. 25, 2016
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DYHFTLVSLGR AKRAFLPGMN FPPYSOQFLSR

MVLXDPRARMT PAPASCSQEL FSAEDNSDMA

T

FGF23 (R179Q) amino acid sequence (SEQ ID NO: 36)

1 MLGARLRLWY
YHLOTHKHNGH
61 VDGAPHOTIY
ENCRFQHOTL
121 ENGYDVYHS=
TPLIPREHTDS
181 AEDDSERDPL
RVNTHAGGTG
241 PEGCRPEAKE

Human beta-Klotho

7
cdhfihzhlkn

121 vsstngsscs
glgyystlld

181 alvlrniepi
drvkywitih

241 npylvawhgy
hgkgwleitl

301 gshwieonrs
vipifaeaek

361 hemrgtadff
riliaengwf

421 tdsrvktect
aytirrgl fy

4181 vdlnskgker

Human beta-Klotho

CALCSVCSMS VLRAYPMASE LLGSSWGGLI

SALMIRSEDA GEVVITGVMS ERYLCMDFRG

DYHELVSLGR AKRAFLPGMN FPPYSOQELSE

NVL=FRAEMT PAPASCSQEL FSAEDMNSPMA

I

domain 1 (b-KL-D1) amino acid sequence (SEQ 1D NO: 37)

vdt
viflekdleaa
vi_vyhwdlpl
Jtgmhapgek
entmdi fkog
afsfgpnnfk
talymmknfl

kpkssahiyyk

fpknffwgig
_dfigvafvg
algekyggwk
gnlaavytvg
osmv sv Lgwt
plntmakmgg
sagvlgairld

glirengl

tgalgvegsw
fegiswprlfp
ndtiidifnd
hnlikahskv
anpihgdgdy
nvslnlresal

eirvigytaw

US 9,475,857 B2

RNETFPTLTIHEN

SDPLGYVRGG

HLYTATARNS
NIFGSHY=DP
RNEIFLIHEN

SDPLCYWVRCG

kkdgkgpsiw
dgivtvanak
vatyeZogmfg
whnynthfrp
pegurkklfs
nwikleynnp

slldgZewgd

domain 2 (b-KL-D2) amino acid sequence (SEQ ID NO: 38)

571
rmkvthyrfa

601 ldwasviptg
Ipepllhadg

661 wlnostaeaf
aaanllvaha

721 lawrlydrgf
wfacplflktg

781 cypaamreyil
vmaeglagsr

841 vdsdrcigfl
giddgaledd

901 rilirkyvlgky
akssigfynk

961 vissrgf

alzavrrgal
gavaglcfge
rpsqgrcavsl
askhrrglss
gditrlaspt

lgevlkay_ i

ryyrovvsaeqg
lgdlvklwit
slhadwaepa
salprlteae
rlavipwgvr

dkvrikgyyva

Crpagotdfv
lklgiganvt
inepnrlsdi
npvadshwra
rrllkgtwvdf
kllrwvrrny

fklaeskskz

nikkglemla
lyvyp-hahlg
ynrsgndtyg
ae-flgfeia
calnhfttrt
gdmdiyitas

rfgfftsdfk
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FIGURE 2T

Beta-Klotho extraccllular domain (without signal peptide) amino acid sequence

(SEQ ID NO: 39)

52
gfsgdgrai
Gl waknpnttpv
dhfihthlkn
121 vsstngssds
glgyystlld
181 alvlrniepi
drvkywitih
247 npylvawhqgy
Agkgwleitl
301 gshwiepnrs
vipifseack
361 hemrgtadff
riliaengwf
421 tdsrvktedt
ayvtirrglfy
481 wvdfnskgker
sovlkpesva
541 ssongfadphl
rmkvthyrfa
601 ldwasvlptg
lpepllhady
561 wlnpstaeaf
aahnllvahs
Y21 lawrlydrgfr
wlfaeplfkty
781 dyoaamreyil
vmhedqlagsr
841 vydsdrdigfl
giddgaledd
901 rlrkyvlgky
akssiqgfynk
96l vissrgfpfe

sKlotho without signal peptide — FGF23 amino acid sequence (without signal

Oct. 25, 2016

nesqglft lydt
yviflekdlsa
vElyhwdlpl
gtaomhapgek
entmdifkog
afsfgpnntlk
taivymmknfl
kpkssahyvk
yvwnatgnrl
nlsavnrgal
qayaglcfge
rpsgrgavsl
askhrrglss
gditrlsspt
lgevlkayli

nsssresgtyg

peptide) (SEQ ID NO: 40)

51
101
151
201
251
301
351
401
451
501
551
01
651

PEAAGLFQGT
PGDSENASTPE
ISWARVLENG
QDAY GEWANR
GRLAPGIRGS
HWINPRRMTD
DETESERKKET
1IDLEENAPOL
DVIGYTAWSL
IEKNGEFPFPLE
VHHSERLLEY
LILPLGNOSD
LARDGAWENE

FPDGELWAV G
LGAPSPLOPA
SAGVPNREGL
AT.ATDHFRDYA
PRLGYLVAHN
HSIKECQKSL
KGTADEFALC
ELVENGWEYS
MDGEEWHRGY
ENOQPLEGTEP
DEYYIKERKS
VNATILOYYR
YTALAFAEYA
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fpknftwgig
ldfigvsfyg
alg=kyggwk
anlaavytvg
gsmvsv1lgwt
plrtmalimgg
sgvlgairld
giirengfsl
lhrvegvrlk
ryyrovvseqg
lgdlvklwit
sl-adwaepa
salprlteae
rlzvipwgvr
dkvrikgyya

entectveclt

SERYQTEGGW
TGDVASDSYN
RYYRRELLERL
FTCOFRHFGGO
LLLAHARKVWH
DEVLGWEFAKP
FGFTLSEQLL
GUTKRDDAKY
SIERGLEYVD
CDEAWGWYVDN
TCVDEAALQP
CMASELVRVN
RLZCEFQELGHH

tgalgvegsw
fsiswprlfp
ndtiidifnd
hnlikahskv
anpihgdgdy
nvslnlrcal
eirvigytaw
kestpdvggg
trpegotdfv
lklcisamvt
inepnrlsdi
npyedshwra
rrllkgtvdf
Ellrwvrrny
fklzeekskp

lvgkkpl

EPEDERO
OOHGKEAS TW
NVEFEDTEALR
RELGVOPVVT
VEYWTTTONP
LYNTSFRPTQ
VEIDGDYPES
DP-MKFROLE
MY Y LKEE LM
FLSQDEMLLE
YIOVDTTLSO
O LALLOEMHY
ITPVVALWQOPR
VKLWITMNEP

US 9,475,857 B2

kkdgkgpaiw
doivtvanak
vetyclfgmnfig
wrrythfrp
pecmrkklfs
nwikleoynnp
slldgfewqgd
fpecdfswgvh
nikkglemla
lyypthahlg
yrraegndiyg
aertlgfeia
celnhfttrf
gdmdivyitas

rfcfftsdfk

TWARFSRPPA
DTETHHPLAP
ELGVTHYRE'S
LYHWOLPQRL
YVVAWHGEYAT
GEOVSIALSS
MENNLSSILE
SEFNLRQLLSW
TLEATRKLDGY
ESSALEYOKL
FTDLNVYLWD
THERESLDWA
MAEFNQOGLEPRL
YTENMTYSAG
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FIGURE 2U

701
751
801
851
901
951
1001
1051
1101
1151
1201

sKlotho without signal peptide -FGF23 (R179Q)) (without signal peptide) amino acid

HNLLKAHALA
RVLEFDI GWL
FDFLALSHYT
GLREVLNWLE
AHTLDGINLC
NGEFPGPETLE
KYFMNASPLLG
MIRSEDAGEYV
YDVYHSPQYH
PRRHTRSAED
LGWVVRGGRVN

Oct. 25, 2016

WHYYNEKEFRH
AEPIZGSEDY
TILVDSEEED
FEYGDLP¥YT
GYFAYSFNDR
EFCPEEFIVC
SEWGELTIHLY
VITGYVMSERY
FLVSLGRARR
DSERDPLNVL
THAGETGFEG

sequence (SEQ ID NQ: 41)

51
101
151
201
251
301
351
401
451
501
551
a0l
651
701
751
g0l
851
901
851

1001
1051
1101
1151
1201

PEARGLEQGT
PGDSENASLP
ISwARVLPNG
DAY GEWANER
GRLAPGIRGS
HWINPRRMTD
DFTIESEKKFET
IDIEFMNHPQT
DVIGYTAWSL
IEKNGEPPLP
VHHSKRLIEKYV
LITPLGNQSQ
LARQCAWENP
HNLLEAHALN
RVLEFDI WL
FDELALSHY'L
GLEEVLNWLEK
AHILDGINLC
NGEPGPETLE
KYEFNASPLLG
MIRSEDAGEYV
YDVYHSEDYH
PRRHTQSAED
LGVVTRGGERVN

FEPDGZLWAV
LGAPSFLCPA
SAGVPNREGL
ALADHERDYA
PRLGYLVAHN
HSTIKECQKSL
KGTADFFALC
FIVENGWEVS
MDGFEWHREGY
ENQPLEGIEP
DGWVVTKKRKS
VNHTILOYYR
YTATAFAEYN
WHYYNEKEFRH
AEPIZGSZDY
TLLVDSERED
FKYGDLP¥YI
GYFAYSENDR
RFCPEEEFTIVC
SSWGGLIHLY
VITGYVMSRRY
FLV3LGRAKR
DEERDPLNVL
THAGETGIEG

AQNGEISIAL
PWVMRDWLNG
PIKYNDYLEY
ISNGIDDGLH
TAPREGLYRY
TECSEFHTRX
TATARNSYHL
LZMEERGNIE
AFLPGMNFEEZ
KPRABMTPAZ
CRPEAKFI*

SARYQTEGEW
TGDVASDSYN
RYYRELLERL
ELCERHFGEED
LLLAHAKVHH
DEVLGWEAK=
FGPTLSFQLL
GTTKREDDAKY
STRRGLFYVD
CDFAWGYVDN
YIVLERATIQZ
CMASELVEVHN
RLCEQELGCHH
AONCKISIAL
PWVMRDWLNG
PLEYMNDYLEY
ISNGIDDGLH
TAPRIGLYRY
TECSEFHTRX
TATAENSYHL
LZMEERGNIE
AFLPGMNEPZ=
KPRMNEMTEAZ
CRPEAKFI™*
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QRDWIEFPACPE
RNNELLEYET
QEMTDITWIN
AEDDQZEVYY
ARDQEPFETKAS
SLGSGGEGEGSG
QTHMNGEV DG
GSHYPDEFENC
YSQFLSERNE
ASECSQELPSA

IPGDGAD
OCHGEGAS IV
NYVERDTEALR
RELGVQEVVT
VEYWITIDNP
LYNTSTRPTO
VEIDGDYPES
DEFHMETRQLE
MYYLEKFIME
FLSODKMLLP
YIQVDTTLSO
QIALLQEMHV
ITPVVALWCE
VELWITMNEE
QADWIEPNCP
RNNFL_PYFT
OEMIDLITWLN
AEDDOLEVYY
AADOEEFKAS
S1LCSGGGGSG
QIHXNGEVDGE
GSHYEPDPENC
YSQFLSRRNE
MECSQELPSH

FGEF23 without signal peptide (SEQ 1D NO:42)

YHLOIHENGH

61

VDEZAPHQTIY

ENTREQHDTL

121

EMEY DVYHSE

TPIPRRHTRS

181

ARDDSERDFEL

RVMNTHARCCTZ
241 PLZCRPIAKD I

SATMIRSEDA

QYHE VILGR

MNVLEKPRAERMT

YPNASZ

GEVVITGVMS

AKEAELFPGMN

PAPASCSQEL

LLGSSWGEGLT

REYLCMDFERG

PPEYSOQFLER

PEAZDNSFEMA

US 9,475,857 B2

FSQKDKEVAE
EDEKKLIQGT
SPSQVAVVPW
MONYINEALK
MEHYRKIZDS
GGG3GGGGSL
APHOTIYSAL
REQAQTLENG
IPLIHEFNTPI
EDNSPMASDP

TWARI'SEPEPA
DTETHHEFLAP
ELGVTHYRES
LYHWDLEQRL
YVVAWHEYAT
GGRQVSTIALSS
MENNLSSZLP
SPNLRQLLSW
TLEATKLDGY
KSSALEFYQEL
FTDLNVYLWD
THEREFSLDWA
MAFNQGLPRL
YTRMMTYSAGC
FSQKDKEVAE
EDEKKLIQGT
SESOVAVVEW
MONYINEALK
MEHYREKIZDS
APHOTIYSAL
REQAQTLENG
IPLIHENTFEPI
EDMNSPMASDP

HLYTATARNS

NIFGSHYFDP

RMELIFLIHEN

SDPLGVVRGG
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FIGURE 2V
FGF23(R179Q) without signal peptide (SEQ ID NO:43)

YHLOIHENGH

6l

VDCMAPEQTIY

ENCREFQHOTL

121

ENGYDVYHSPE

TPIPERHTOS

161

AFEDCSERDPL

RVNTHAGGT G

241

PRGCRFFAKFE

Oct. 25, 2016
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YPNASP

LLGSSWGGLT

SALMIESEDA GEVVITOVMS ERYLCMDERC

OQYHF_VSLGR AKRAFLPGMN FPPYSOFLSE

NVLKPEARMT PAPASCSQEL EFSAEDNSPMA

T

sKlotho with Klotho signal peptide (SEQ ID NO:44)

1
1l
101
151
201
281
301
351
401
451
501
5t1
600
6h
701
qtl
g0l
81
901
59t1

MPASAFPREP
PERAAGLFQGT
PEDSRNASLE
TSWARVLENG
QDAY GGWANR
GRLAPGIRGS
HWINPERMTD
DFTESEKKET
IDLEFNHPOI
DVIGY TAWST
IEKNGEFPPLE
VHHSKELTKV
TTTPT.GNQSQ
TARQGRWRNP
HNLLKRHATA
RVLEFDT GWL
FDFLALSHYT
GLREKVINWLK
AHILDGINLC
NGFPGEETLE

EPPFFELSLL
FPDGZLWAVG
LGAFSFLOPA
SAGVEFNREGL
ALADIII'RDYA
PRLGYLVAHN
HSIKECQKSL
KGTADEFALC
FIVENGWEYS
MDGFEWHRGY
ENQF_EGTEP
DEYVTEERES
VNHTTTOQYYR
YTATAFARY A
WHY YNEKFRH
AEPI=GS5DY
TILVDSEKED
FEKYGDLPMYT
GYFAYSENDRE
RFCFEEETVC

LV_LGLGGRR
SAAYOTEGGW
TGDVASDSYN
RYYRRLLERL
ELOERIITGGO
LLLAHAKVWH
DEVLGWEAKP
FGETLSFOLL
GTTKRDDAKY
STRRGLEYVD
CDIEWGVVDN
YOVDFAATQP
CMASFTVRVN
RTCFORT.GHH
AQNGKISIAL
PWVMRDWLNG
PIKYNDYLEV
TSNGIDDGLH
TAPREGLYRY
TECSFFHTRK

LRAFPGDGAQ
COAGKGASIW
KVERDTEALR
RELGVOPVVT
VEYWITIDNE
LYNTSERDTO
VEIDSDYPES
DPZMKFROLE
MYYLKKFINME
FLSQDEKMLIP
YIOVDTTLSO
GIATLOEMHV
TTPVVATHCP
VKTIWT TMNFP
QADWIEPACP
ENNFLLEYFT
QEMTDITWLN
AEDDOLRVYY
AADOFEPKAS
ST

sKlotho with IgG Signal peptide (SEQ ID NO:45)

1
1
101
1t1
201
251
301
3t1
401
451
501
51

MSVLTCVLAL
GTFPDGELWA
LPLGASDPLO
NGSAGYINRE
NERATLATHERD
GSPELGYLVA
TDHSTIKECQK
FIKGTADETA
QIFTVENGWE
SLMEGEEWHER
T PENQFT.RGT
KVDGEY Y LIKER

ILLW_.TGLGG
VGSRAYQTEG
PATGDVASDS
GLRYY[RIRLLE
YAELCEFRHEFG
HNLILAHAKY
SLDEVLGWEA
LOFGPTLSED
VSGTTKRDDA
GYSIREGLEY
FPOCTFRWEVY
KSYCYDEAAL

RRORAEFGEDG
GWOOIGKEAS
YNNVERDTEA
RLRELGVQDVY
GOVEYWIT-D
WHOLYNTSFRP
KPVEIDGDYE
LLDPAMKERG
KYMYYLEKFT
VDILS0ODKML
DNY TOVIDTT,
QPO LALLOEM

LROQTWARFSRP
IWDTFTHHFL
LRELSVTHYRR
VITLYHWDLIO
NPYVVAWHGY
TOGGOVSTIAT
ESMENNLSST
LESFNLRQLL
METLKATIKID
LPESSALEYQ
SQFTDTNVYT,
EVIHERESLD

US 9,475,857 B2

HLYTATARNS

MNIFPCSHYFDFE

ENEIPLIHEFN

SDPLGVVRGGE

TWARESEPEA
DTI'THHELAP
ELSVTHYRES
LYHWDLEQEL
YVVAWIICY AT
GGOVSIALES
MEMNNLSSILP
SPNLEOLLSW
TLEATKIDGY
ESSALFYQKL
FTDLNVYLWD
THERFSIDWA
MAPNIGT PRET,
¥TRNMTYSRG
FSQEDEEVAE
EDEEKLIQGT
SESOVAVVEW
MONYTINEATLK
MEHYREIIDS

PRAPEAACLEFQ
APPGDSRNAS
FSISWARVLD
RLODAY CGWA
ATSGFLAFGIR
SSHWINEREM
LPDFTESEEK
SWIDLEFNEP
GVDVIGYTAW
KLTEKMNCEFEP
WDVHHSKRT. T
WALLLEPLGNO
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FIGURE 2W

601 SQVNHTILQY
651 NPYTALAFAE
701 TAWHVYNFRKF
751 WLAEPIFGSG
801 YTTILVDSEK
651 LKFKYGDLPM
Y01 LCSYFAYSEN
951 LERICEPEEEFT

Oct. 25, 2016

TRCMASELVER
TARTLCEFQELG
RHAQNGKTST
DY PWVMRDWL
EDPIKYNDYL
YTIISNGIDDG
DRTAPRFGLY
VCTZCSEFEFHT
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VNITPVVALW
HHVKLWI TMN
ATQADWTFPA
NQRNNFLLEY
EVOEMTDITW
LHAEDDOLRY
RYALDOFEPK
RKSL*

QPMAFNQGLE
EPYTRNMTYS
CPFSCKTKFV
PTEDFKKLIO
TNSPSQVAVY
YYMONY INEA
ESMKHYRKTIT

US 9,475,857 B2

RLLARQGAWE
AGHNLLEAHA
AFRVT.FFDT G
GTFDFLALSH
PWGELRKVLNW
LEAHTLDGIN
DENGFPGPET

sKlotho-FGF23-FcLALA v1 (SEQ ID NO: 46)

1 ATGCCCGCCA
STCGCTEITG
CTGGETGCTGC
CLEGCECECAL
121 ACCTGGGZCC
CCAGGGCACC
181 ITCCCCGACG
GEGECGGECTGG
CAGCAGCACG
CCTGGCACCC
CUGGGAGAC!T
GCAGCCCGCC
361 ACCGGGGACG
GEROGOTERGEE
AGCTCGEEGE
CCCCAATGGT
481 RAGCGCGGGCG
GEAGCGECTG
CGEGAGCTGGE
CCLGCGCCTG
CAGGACGICT
GEATTACGCG
SAGCLCLGSCT
CGACAACCCC
721 TACGTGGETGG
CCGGEGCAGC
CCGECGECTCG
AGSTCTGGCZAT
CTCTACAATA
CCTAAGCTCT
CACTGGATCA
ARAATCTCTG
CACTTTGTAC
TCCCGAGAGC
1021 ATGAAGARTA
ARAGTTCATC
1081 AAAGGAACTG
TCAACTTITTG
CHRCCCTCACA
GCTTTCCTGG
1201 ATTGACCTITG
GTTTGTCTCA

Gl

241

301

421

541

G001

6el

781

841

501

961

1141

GCGCCCCGle

TGGGCCTGEGE

GTTTCTCGZG

GCTTCCTCTG

GCAAGGGTGC

CCCGEAACGCT

TAGCCAGCGA

TCACTCACTA

TCCCCARCCG

GCGTGCAGCC

ACGGECGGECTE

TCCGCCACTL

CCTGGCACGG

GGTACCTGET

CTTCTTTCCG

ATCCTCGAAG

TAGGTTGGTT

ACCTTTCATC

CTGACTTTTT

TCANCTTCCC

AARTTTARCCA

GCGCCECCCGE

CGGCCGICCC

GCCTCCTGCC

GGCCGETGGEEC

GTCCATCTCEG

CAGICIGCCG

CAGCTACAAC

CCGCTTCTCC

CGAGGGGCTG

CGETGETCACT

GECCAACCCET

ClECGELICAG

CTACGCCACC

GGCGCACARC

TCCCACTCAG

ARTGACCGAC

TGCCARAACCC

TATTCTGCCT

TGCTCTTTCC

CCANTTCOM

TCCTCAAATA

CGIZCCGCCGo

CTZCGTGCGG

CCTGAGGECCG

AGCGCCGCCT

GATACGTTCA

T oEECGCCC

ARCGTCTTCC

ATCTCGTGGG

CGZTACTACC

CTZTACCACT

GCCCTGECTGE

FLCAAGLTACT

GGECGCCTGGE

CTCCTCCT GG

GGRAGGTCAGG

CACAGCATCA

GTATTTATTG

GATITTTACTG

TTIGGACCCA

TCICCCANCT

TTIATTGTGG

CCCCGTCGCT

AGCCGGGECGEA

CGGEGCCTCTT

ACCAGACCGA

CCCACCACCC

celrcceCcec!

GCGRCACGGA

CGCGAGTGCT

GGCGCCTGCT

GGGACCTGCC

ACCACTTCAG

SEATCACCAL

CCCCCGGCAT

CTCATGCCAR

TGTCCATTGC

ARGARATGTCA

ATGGTGACTA

AATCTGAGAR

CCTTGAGTTT

TCACCCANCT

ARARTGGCTG
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FIGURE 2X
1261 GGGACCACCA
CATCATGGARA
1321 ACCTTAARAG
ATGGTCCZITC
1381 ATGGATGGTT
CTATGTTGAC
1441 TTTCTAAGCC
CCAAAAGTTG
1501 ATAGAGARAR
GACATTTZCC
1561 TGTGACTTTG
TCTGTCTZAG
1621 TTTACCGACC
TATTAAAGTG
1681 GATGGGGTTGC
CATCCAGZCC
1741 CAGATCGCTT
GGACTGGGCC
1801 CTGATTCTCC
GTACTATIGC
1861 TGCATGGCCA
GTGGCAGZCT
1921 ATGGCCCCGR
GGAGAACTZCC
1981 TACACTGCCC
CGGCCATZAC
2041 GTCAAGCTTT
CAGTGCTGGC
2101 CACANCCTTC
GTTTAGGZAT
216l GCTCAGAATG
leCereelel
2221 TTCTCCCAAA
LEECIGEEELS
2281 GCTGAGCCCA
GCTGARCTAR
2341 AGAAACLEN]
CCAGGGTACC
Lrrreact
AADDCANGAT
246l CCAALAAAN]
GTGGUTCARAC
2521 TCCCCCARGTC
CTGECTGRAG
2581 TTCAAGTACG
CGGGECTGZAT
2641 GCTGAGGACG
AGCTCTCARA
2701 GCCCACATAC
TARCGACZGC
276l ACAGCTCCGA
CAAGGCATCC
2821 ATGAAACATT
AACTCTGGAA
2881 AGATTITTGTC
CACCCGARRG

2401

Oct. 25, 2016

AGAGAGATGA

CCATCARGCT

TCGAGTZGCA

AGGACARGAT

ATGGCTTCCC

CTTGGGZAGT

TGAATGTTTA

TGACCAAGAA

TRCTCCAGGA

CTCTGGETAR

GCGAGCTTGT

ACCARGGACT

TGGCCTTTGC

GGATAACZGAT

TCANCCZCCH

GGAARATATC

AGGACANAGA

TTTTCGSCTC

QT

TEGCLIL TAAG

ACAATGALI'T'A

AGGTGEGITGET

GAGACCTCCC

ACCAGCTGAG

TGGATGSTAT

GGTTTGSCCT

ACAGGARAAT

CAGAAGAATT

Sheet 26

TGCCAARRTAT
GEATGGGGETG
CAGAGGTTAC
GTTGTTGCCZA
TCCTTTACZT
TETTGACAAC
CCTGTGGGAT
GAGGAAATTZC
AATGCACGTT
CCAGTCCCAG
CCGTGTCAAC
GCCGCGCCTC
AGAGTATGZC
GAATGAGCTZG
TCCCCTCCTT
CATAGCCTTG
GETGGCCGAG
TCGAGATTAT
TLALLTCAST
CCALTATAZC
CCTAGAAGLS
AGTGCCCTGE
CATGTACATA
GETGTATTAT
CAATCTTTGS
CTATCGTTAT
TATTGACAGT

CACCGTGTGT

of 40

ATGTATTACC
GATGTCATCG
AGCATCAGEC
BAGTCTTCAG
GAARATCAGC
TACATTCAAG
GTCCACCACA
TACTGTGTTG
ACACATTTTC
GTGARACCACA
ATCACCCCAG
CTGGCCAGGT
CGACTGTGCT
TATACAAGGA
TCCCATCTCT
CAGGCTGATT
AGAGTTTITGG
CCATGGGETGA
GAAGATGAMA
ACCALCCI LG
CAAGAANTCA
GGGITGCGCA
ATATCCAACG
ATGCAGRATT
GGATACTTTG
GCTGCAGATC
AATGGTTITCC

ACTGAGTGCA

US 9,475,857 B2

TCAAARAGTT

GGTATACTZGC

GTGGACTZTT

CCTTGTITCTA

CCCTAGAAGG

TAGATACTAC

GTAAARGGCT

ACTTTGCTGC

GCTTCTCZCT

CCATCCTGCA

TGGTGGCICT

AGGGCGCITG

TTCAAGAGCT

ATATGACATA

NCANTCANDA

GGATAGAACC

AATTTGAZAT

TGAGGGAZTG

AAAAGCTAAL

TAGACTCAGA

CCGACAT'CAC

AAGTGCTGAA

GAATCGATGA

ACATARATZGA

CTTATTCGTT

AGTTTGAGCC

CGGGCCCAGA

GITTTITTTCA
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FIGURE 2Y

2941 TCTTTAGGAT
AGGTTCACTT
3001 ARAGTATCCCA
CCACCTGTAC
3061 ACRAGCCACAG
TGTGGATGGET
GCRACCCCATC
TGGCTTTGT S
3181 GTGATTACAG
CAARCATTTTT
3241 GGATCACACT
GGARAACGES
3301 TACGACGTCT
GGCGAAGAGA
3361 GCCTTCCTSEC
GAGGAACGAS
3421 ATCCCCCTAA
CGCCGAGGAT
3481 GACTCGGASGC
CCCGEECCTCE
3541 GCCTCCTGIT
CAGTGACCCA
3601 TTRAGGGETSG
CCCGGEARGGT
3661 TGCCGCCCTT
GTGTCCTCCT
3721 TGTCCTGCCC
CARRCCCART
3781 GATACGCTGA
CGTGAGCCAT
3841 GAAGATCCCG
TAACGCGARAA
3901 ACTAAGCCSEC
GCTCACAGTC
3961 CTGCACCAGG
CARAGGCACTT
4021 CCCGCGCCTA
ACCTCAGSTT
4081 TACACTCTCC
GACTTGCCTC
4141 GTCAARGGAT
ACARCCAGAS
4201 AACARCTACA
TCTCTACTCA
4261 AAGCTGARACCG
CTCTGTCATS
4321 CATGARGCSEC
AGGCRAGTAR

3121

1 MPASAFPRRF
51 PEAAGLEQGT
101 PGDSRNASLE
151 ISWARVLEPNG

Oct. 25, 2016

ZCGGAGGTGGE

ATGCCTCCCC

ZCAGGARACAG

AGACCATCTA

GTGTGATGAG

ATTTCCGACCC

ACCACTCTCC

ZAGGCATGAR

TTCACTTCAR

GGGACCCCCT

CACAGGAGCT

TCAGGGGECGE

TCGOCAAGTT

ZAGAAGCAGC

TGATCTCTCG

AGGTGAAGTT

GCGAGGAACH

ACTGGCTGAA

TTGAGAAAAC

ZGCCTTCCAG

TCTACCCTTC

AGACRACACC

TGGATAAGTC

TGCATAATCA

RPFFFSLSLL
FPDGFLWAYG
LGAPSPLOPA
SAGVPNREGL
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AGGTTCAGGA

ACTGCTCGGE

CTRCCACCTG

CAGTGCCCTG

CAGRAGATAC

GGAGAACZTGC

TCAGTATCAC

CCCARCCCCIZG

CACCCCCATA

GARACGTGCTG

CCCGAGCZGZC

TCGAGTZARC

CATCGGAGGT

AGGTGGTCZA

CACGCCTGAG

CAATTGSTAT

ATATAACAGT

CGGTAAGGAN

AATCTCCARAG

GGAAGAGATG

CGACATTGIT

CCCEETECTE

CAGGTGECAG

CTATACCCAG

sKlotho-FGF23-FeLALA v1 (SEQ ID NO: 47)

_VLLGLGGRE
SERAYQTEGGW
TEDYASDS YN
RYYZERELLERL

GGTGGAGGTT

TCCAGCTGGGE

CAGATCCRCA

ATGATCAGART

CTCTGCATGG

AGGTTCCARC

TTCCTGCETCA

TACTCCCAGT

CCACGGCGEC

ARGCCCCGGEGE

GAGGACARCH

ACGCACCCTG

GGAGGTTCAR

TCAGTTITTC

GTGACATGCG

GTGGACCGAG

ACTTACAGGG

TACAAGTGCA

GCGAAGCGAC

ACCAARAAATC

GTTGAATGCGG

GATAGTCEACG

CAGGGARACG

AAGTCTCTGA

LRAFPGDGAQ
OOHGKGAS TW
BV ERDUEALR
RELGVOEVVT

US 9,475,857 B2

CAGGAGGTGG

GTGGZCTGAT

AGRALTGGICA

CAGAGGATGC

ATTTCAGAGG

PCCAGACGCT

GTCTEGGICG

TCCTSTCICG

ACACCCAGAG

CCCGGATGAC

GCZCCGATGGC

GGEGGAACGGG

AARACTCATAC

TTTTZCCTCC

TCGTAGTAGA

TAGAAGTGCA

TEETATCIGT

AAGTAAGTAA

AACCAAGAGA

AAGTTITCZCT

AARGTAATGG

GATCTTTITT

TETTTTCITG

GCTTSAGZCC

TWARFSRPEPA
DTFTHHPLAP
ELGY IHYRE'S
LYHWDLPODRL
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FIGURE 2Z

201
251
301
351
401
451
501
551
601
651
701
751
501
851
901
951
1001
1051
1101
1151
1201
1251
1301
1551
1401
1451

QDAYGSWANR
GRLAPGIRGS
HWINDRRMTD
DETESEKKFI
IDLEFNHPGQT
DVIGYTAWSL
IEKNGEFEPPLP
VHHSKRLLEV
LILELENOSO
LARQGAWENE
HNLLEKAHALR
EVLEFDIGWL
FLFLALSHY T
CLREVLNWLK
AHILDGINLC
NGEPGPETLE
KYPNASPLLG
MIRSEDAGEV
YDVYHSPQYH
ERRHTOQSAED
LGVVRGGRVN
SVEFLFPPKEK
TKPREEQYNS
EKGQPREPQV
NNYXKTTEPVL
KSLSLSPGE*

Oct. 25, 2016

ALADEFRDYA
PRLGYLVAHN
HSTKECQKSL
KGTADFEFALC
FIVENGWEVS
MDGEEWHRGY
ENQPLEGTEP
DOV LIEERES
YVNHTILQYYR
YTALAFAEYA
WHVYNEKFRH
AFPIFGSGDY
TV DSERED
FEYGDLPMY T
GYFAYSENDR
RECPEERTVC
SSWEGLIHLY
YVITGVMSERY
FLVSLGRAKR
DSERDPLINVL
THAGGTGPEG
DTLMISRTIPE
TYRVVSVLTV
YTLFPEFSREEM
DSDGSFFLYS

Sheet 28

ELCFRHFGGO
ILLLAHAKVWH
CEFVLGWEAKD
FGFTLSFQLL
GTTKRDDAKY
STIRRGLEYVD
CDEAWGYVDIN
YOVDEAALDP
CMASETLWVERVN
RLCFQELGHH
AQNGEISTAL
PWVIMRIDWLNG
PLEYMNDY LEV
ISNGIDDGLH
TAPREFGLYRY
TECSEEFHTRE
TATARNSYHL
LCMDERGNILE
AFLPGMNPPP
KPRARMIPAP
CRPFAKFIGG
VICVVVDVSH
TLHODWLNGKE
TENQVSLTCL
KLTVDESEWD

sKlotho-FGF23-FcLALA v2 (SEQ ID NO: 48)

1 ATGCCCGCCA GCZUCCCGECC GUGECCGECCCE

GTCGCTGEITG
6l CTGGTGECTGC
CGGCGCGIAG

ACCTEEECCT
CCAGGGCACC
181 TTCCCCGACG

GEGCGECTGEE
241 CAGCAGCZACG
CCTGGCAZCC
301 CCGGGAGACT
GCAGCCCGCC
361 ACCGGGGACG
GGCGCTEZGC
421 GAGCTCGGGG
CCCCAATGGC
481 ACCCCCGCCCC
GGAGCGGITG
5411 CGGGAGUTGE
CCAGCGCITG
601 CAGGACGCCT
GGATTACGCG
661 GAGCTCTGCT
CGACARACTZCC
721 TACGTGGSTGG
CCGEGEEECAGC

121

TGEEECCTGEE

GTTTCTCECE

GCTTCCTCT G

GCARGGGETGC

CCCGGAACGC

TAGCCAGCGA

TCACTCACTA

TCCCCANCCG

GCETGCAGCC

ACGECGGECTG

TCCGCCACTT

CCTGEGCACGG

CGGECCECCGC

GCOTCOTEET

GGCCGETGGET

GTCCATCTGG

CAGTCTGCCG

CAGCTACAAC

CCGCTTCTCC

CCNACCCCCTG

CGTGGTCACC

GGCCAACCGETS

CGGCGGTCAG

CTACGCCACT

of 40

VKYWITIDNP
LYNTSFRETY
VEIDGDYDPES
DPHMKFROLE
MYYLKKFIME
FLSQDEMLLE
YIOVDTTLSG
OLALLOKMHY
ITEVVALWOP
VELWITMNEP
OADWIEPACP
RNNELLEYEZ
OEMLD LW LN
AEDDQLERVYY
AMDOFEPKAS
9LGSGGGGESG
OIHKNGHVDE
GSHYFDEPENC
YSQFLSRRNE
ASCSOELPSA
GGSETHTCEP
EDPEVEENWY
YKCOKVSNEATL
VKGFYPSDIA
QGNVESCSVM

CGGECIGCCET
CTGCGTGECGGE
COOGAGROCGE
AGCGICGECCT
GATAZGTTCA
TTGGGCGEZCT
AACGTCTTCC
ATCTZGTGGG
COCTACTACC
CTGTACCACT
GCCCTGGCCGE
GTCAAGTACT

GGGCGCCTGE

US 9,475,857 B2

YVVAWHGYAT
SECVSTIALSS
MENNLSSISD
SENLREQLLSW
TLEKATELDGV
KSSALEPYOKEL
FTDLNVYLWE
LIAFRESLDWA
MAPNOQGLPRL
YTENMITYSAG
FSCEDEEVALE
EDEKEKLIQGT
SPSOVAVVERN
MONY INEADK
MEHYREIIDS
SEESGEGESL
APHOTIYSAL
RECHOTLENG
TPLTHENTPT
EDNSEMASDE
CPAPEAAGGPE
VDEVEVHNAK
PAFTEETISK
VEWESNGOPE
HEATHNHYTQ

CECCETCECT
AGCCGGGIGA
CEEECETETT
ACCAGACCGA
CCCACCACCC
CGTCGECCGECT
GCCACACGGA
CGCGAGTGECT
SOCCCCToCT
SEEACCTGCC
ACCACTTCAG
SGATCACCAT

CCCCCGGCAT
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Figure 2Z - a

T3 CUGUEGECTCE
AGTCTGGZAT
541 CTCTACAATA
CCTAASCTCT
501 CACTGGATCA
AMRMATCTCTG
961 GACTTTGTAC
TCICGAGAGC
1021 ATGARAGAATA
ARAGTTCATC
1031 AAAGGAACTG
TCAACTTITG
1141 GACCCTCACA
GCTTTCCTGG
1291 ATTGACCTTG
GTTTGICTCA
1261 GGGACZCACCH
CATCATGGAR
1321 AZCTTAARRG
ATGGTZ2CCTC
1331 ATGGATGGTT
CTATGTTGAC
1441 TTTCTAAGCC
CCAAAAGCTG
1501 ATAGAGAARA
GAZATTTCCC
1561 TGTGACTTTG
TCTGTZTCAG
1621 TTTACCGACC
TATTARAGTG
1631 CATGEGGELLG
CATCCAGZCC
1741 CAGATCGCTT
CGACTEGECC
1801 CTGATTCTCC
GTACTATCGC
186l TGCATGGCCA
GTGGCAGICT
1921 ATGGCCCCGA
GGAGARACCCC
1531 TACACTGCCC
CGGCCATCAC
2041 GTICRAAGCTTT
CAGTGCTGGC
2121 CACAACCTTC
GTTTAGGCAT
2161 GZTCAGAATG
TGZCTSCCCT
2221 TTCTOCCAAA
TGGCTGEGEITG
2231 GUTGAGCCCA
GCTGARACCAA
2341 AGAARCAATT
CCAGCTTACC
2431 TTTGACTTTT
AANAGAAGAT

GGTACCTGET

CTTCTTTCCG

ATCCTCGAAG

TAGGTTGGTT

ACCTTTCATC

CTGACTTTTT

TGAAGTTCCG

AATTTAACCA

AGACLGATGA

CCATCARAGCT

TCGAGTGGCA

BGGACARGAT

ATGGCTTCCC

CTTGGGGAGT

TGAATGTTTA

TGACCAAGARA

TACTCCAGGHA

CTCTGGGTAA

GCGAGCTTGT

ACCALGGACT

TGECCTITGES

GGATAACGAT

TGAAGGCCCA

GGAAAATATC

AGGACAPMAGH

TTTTCCGCTC

TTCTTCTTCC

TGECTTTAAG

GECGOACARACT

TCCCACTCAG

ARTGACCGAC

TGCCARACCC

TATTCTGCCT

TGCTCTTTGC

CCAATTGGAA

TCCTCAAATA

TGCCARATAT

GEATGEEETG

CAGAGGTTAC

GTTGTTGCCA

TCCTTTACCT

TGTTGACAMC

CCTGTGGGAT

GAGGAAATL'CC

ARTGCACGTT

CCAGTCCCAG

CCGTGTCAAC

CCCCCECCTC

AGAGTATCCT

GAATGAGCCG

TGCCCTGGCT

CATAGCCTTG

GGETGGCCGAG

TGGAGATTAT

TTATTTCACT

CCATTATACC

CTCOTCCTEE

GGAGGTCAGG

CACAGCATCA

GTATTTATTG

GATTTTACTG

TTTGGACCCA

TCTCCCAACC

TTTATTGTGG

ATGTATTACC

GATGTCATCG

AGCATCAGGC

AAGTCTTCAG

GAAAATCAGC

TACATTCAAG

GTCCACCACA

TACIGIGILG

ACACATTTTC

GIGAACCACA

ATCACCCCAG

CTGGCCAGGC

CEACTSTGECT

TATACARGGA

TGGCATGTGT

CAGGCTGATT

AGAGTTTTGG

CCATGCGTGA

GAAGATGAARA

ACCATCCTTG

CTCATEOCAR

TGTCCATTGC

ARGARTGTCA

ATGGTGACTA

AATCTGAGAR

CCTTGAGTTT

TGAGGCAACT

AARATGGCTG

TCARMAAGTT

GETATACCGC

GTGGACTCTT

CCTTGTTCTA

CCCTAGAAGG

TAGATACCAC

GTAAAAGGCT

ACTTMGCTGC

GCTTCTCCCT

CCATCCTGCA

TGETGECCCT

AGGGCGCCTG

TTCAAGAGCT

ATATGACATA

ACARATGAARR

GGATAGAACC

AATTTGACAT

TGAGGGACTG

ARAAGCTAAT

TAGACTCAGA
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FIGURE 2Z - b
2461 COAATRRARRT
GTGGCTCAARC
2521 TCCICCAGTC
CTGGCTGAAG
2581 TTCAAGTACG
CGGGCTGCAT
2641 GCTGAGGACG
AGCTCTCAAN
2701 GCCCACATAC
TAACGACCGC
2761 ACAGCTCCGA
CAAGGCATCC
2821 ATGAAACATT
AACTCTGGAA
2881 AGATTTTGTIC
CACCCGAAAG
2941 TCTTTAGGAT
AGGTTCARCTT
3001 AAGTATCCCA
CCACCTGTAC
306l ACAGCCACAG
TGTGGATGGC
GCACCCCATC
TEECTTTGET S
GTGATTACAZ
CARCATTTTT
3241 GGATCACACT
GEAARACGEGE
3301 TACGACGTCT
GGCGE™ T TAGA
336l cCC WCTGEC
GAGG: «w GAG
3421 ATCCCCCTAA
CGCCCAGGAC
3481 GACTCGGAGC
CCCGLECCCCs
3541 GCCTCCTIGTIT
CAGTGACCCA
3601 TTAGGGGETGG
CCCGGEAAGGC
3661 TGECCGCCCCT
AGCAGGTGGT
3721 CCATCAGTIT
TCGCACGCCT
3781 GAGGTGACAT
GTTCAATTGG
3841 TATGSTGGACG
ACAATATAAC
3901 AGLACITACA
GAACGGTAAG
3961 GAATACAAGCT
ARCARTCTCC
4021 AAGOCGAAGT
CAGGGARAGAG
4081 ATGACCAAAA
TTCCGACATT

3121

3181

Oct. 25, 2016

ACARTGATTA

AGGTGGCGEGET

GAGACCTCCC

ACCAGCTGAG

TGGATGGTAT

GGTTTGGCCT

ACAGGAAAAT

CAGAAGAATT

CCGEGAGETGE

ATGCCTCCCC

CCAGGARCAG

AGACCATCTA

GTGTGATGAG

ATTTCGACCC

ACCACTCTCC

CAGGCATGARA

TTCACTTCAA

GGGACCCCCT

CACAGGAGCT

TCAGGGGCGGE

TCGCCAAGTT

TTCTTTTCCC

GCGTCGTAGT

GAGTAGAAGT

GGEELIGEIALT

ATCARGTTTC

Sheet 30

COTRGRAGTG
AGTGCCCTGGE
CATGTACATA
GGTGTATTAT
CAATCTTTGC
CTATCSTTAT
TATTGACAGC
CACCGTGTGT
AGGTTCAGGA
ACTGCTCGGEC
CTRCCRCZTG
CAGTGIZCZTG
CAGRASATRC
GGAGAACTGC
TCAGTATIAC
CCCACTCICG
CACCCOCATA
GAACGIGITG
CCCGAGCZGCC
TCGAGTGAAC
CATCGGAGGET
TCCCARATZCC
AGACGTGAGC
GCATARCGCCG

CGLGCLICACA

5 CAACAAGGCH

AGARMCCTTIZAG

CCTGACZTTGEC

of 40

CRAGRRATGA
GEGTTGZGCA
ATATCCARCG
ATGCAGAATT
GGATACTTTG
GCTGCAGATC
ARTGGTTTCC
ACTGAGTGCA
GETGGASGTT
TZCAGCTGGE
CARGATCTACR
ATGATCARAGAT
CTCTGIATGE
AGGTTCCZAAC
TTCCTGETCA
TACTCCCZAGT
CCACGGCGGEE
ARCCCCOCGEGEE
GAGGACAACA
ACGCACSCTG
GGAGGTTCAG
ARGGATACGC
CRCGAAGATC
ARARCTAAGC
GICCIGUACC
TTCCCECGEE
GITTACACTC

CTCGTCAAAG

US 9,475,857 B2

CCGACRATCAC

AAGTGCTGAR

GAATCGATGA

ACATARACGA

CTTATTCGTT

AGTTTGAGCC

CGGGCCCAGA

GTTTTTTTCA

CAGGAGGTGS

GTGGCCTGAT

AGAATGGCCA

CAGAGGATGC

ATTTCAGAGS

ACCAGACGCT

GTCTGGGCCG

TCCTGETCCCG

ACACCCAGAG

CCCGGATGAC

GCCCGATGGEC

GGEGGARCGGEG

CCCCAGAAGC

TGATGATCTC

CCGAGGTGRA

CGCGCGAGGA

AGGACTGGECT

CTATTGAGAA

TCCCGoCTTC

GATTCTACCC
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FIGURE 2Z - ¢
4141 GCTGTTGRAT GGGARAGCAR TGGACAACCA

ACCOCCHETE

Oct. 25, 2016

Sheet 31

4201 CTGGATAGTG ACGGATCTTT CTTTCTCTAC

GTCCAGETGEE

4261 CAGCAGGGAR ACGTGTTTTC CTGCTCTGTC

TCACTATACC

4321 CAGAAGTCTC TGAGCTTGAG CCTAGGCAAG

sKlotho-FGF23-FcLALA v2 (SEQ ID NO: 49)

1

51
101
151
201
251
301
351
£01
£57
501
551
601
651
701
751
501
851
901
551
1001
1051
1101
1151
1z01
1251
1301
1351
1201
1451

MPASAFFPREP
PEAAGLEFQGT
PGDSENASLP
ISWARVLTNG
ODAYGGWANR
GRTATPGTRGS
HWINPREREMTD
NETRSFKKET
IDLEFNHPOQT
DV T &Y TAWST
IEKNGEFPPLP
VHHSKRT THKY
LILPLGNQSQ
TARQGAWENT
HNLLEAHALA
RVT.RFDTGEWT,
FDELALSHYT
GLREVLINWLE
AHTLDGINLC
NGEFPGPETLE
KYPNASPLLG
MIRSEDAGEY
TDVYHSPOYH
PRRHTCQSAED
LGVVRGERVM
EDTLMISRTP
STYRVVSVLT
VYTLPPSREE
LDSDGSEELY

*

EPFFPSLSLL
FPDGEFLWAYVG
LGAPSPLOPA
EAGVINREGL
ALADHFRDYA
FRTGYT VAN
ESTKECQKESL
KGTADFFAT.C
FIVENGW=WVS
MDGFFRWHTREY
ENQPLESTEPR
DEVVTERKTRKS
VNHTILOYYR
YTATAFRARYR
WHVYNEKZRH
ARPTFGSGDY
TILVDSEKED
FEKYGDLFMYT
GYFAYSEMDR
RFCPEEFTVC
SSWGEGCLIHLY
YVITGVMSERY
FLVSLGRAKR
DSERDPLNVL
THAGSTSFEG
EVICVVVIVS
YVLHODWLNGK
MTENQVSLTC
SKLTVDESEW

LVLLSGLGGER
SAARYOTEGGW
TGDVASDSYN
RYYRRLLERL
ELZFRHEGGO
T T TAHAKYIH
DEVLGWEAKP
FEPTTESFQTT
GTTERDDAKY
STRRETFYVE
CDERAWGVYDN
YOVDEFARTODR
CMASELVEVH
RT.OFQFETGHH
AQNGKISIAL
PWVMRTINT NG
FIKYNDYLEV
ISNGIDDGLH
TAPRIFPGLYRY
TEZSFFHTRE
TATARNSYHL
LCMDEFRGNIE
AFLEZMNPEP
KPRARMTPAFP
CRPFAKEIGS
HEDPEVEENW
EYKCEVSNEKA
LVKGEYPSDZ
QOQGNVESCSV

FGEF23-FcLLALA v1 (SEQ ID NO: 30)

1

&6l

121

181

241

NTCTTCCCGCO

CAGCATGAGC

CTCCTCNCAG

TGGCCTGATC

CACCTGTACA

GAATGGCZAT

GITGGATGGCG

AGAGGATGCT

GGCTITTGTGG

TTTCAGAGGC

CCTATCCZCARN

CAGCCACAGC

CACCCCATCA

TGATTACAGS

TCICTCCCCA

CAGGAACAGC

GAZCATCTAC

TGTGATGAGS

of 40

GAGAACARACT
TCAARAGCTGA
ATGCATGARAG

TRAR

LEAEPCIGAD
DOHEKEASTW
NYFRDIZALR
RELGVCOVVT
VKYWITICNE
TYNTSFRPTO
VFIDGDYPES
LOHMKFROT.R
MY Y LKKE-ME
FT.SQTKMILT.D
YIQVDITLSO
OTATTCTMEY
ZTPVVALWOP
VKT WTTMNED
OADWIE2ACPE
RNNFT.T >VFT
OEMTDITWLN
AEDDQLRVYY
AADOFEZKAS
SLCSCCGESG
OIHKNCHY DG
GSHYFDZENC
¥SQOFLSRRNE
ASCSQFLESA
GCSAPEAACS
YVDGVEVHNA
LPAPIEXTIS
AVEWESNGQP
MEEALHNHY T

TCTCCCTZGT
ZTCCTCOCCT
TACCACCTGC
AGTGCCCTGA

AGAMGATACC

US 9,475,857 B2

ACARAGACAAC

CCGTGGATAL

CGCTGCATAR

TWARESRPPA
DTEFTHHPLAP
ELGVTHYRES
LYHWOLIORL
YVVAWHGYAT
GEOQVSTATSS
MENNLSSILP
STNT ROTT.SW
TLEATKLDGV
KESATFYQKT,
FTOINVYLWD
THEREST.DWA
MAZNOGLPRL
YTANMTY SAG
FSQKOKEVALR
FDIKXT TOQGET
SPICVAVVEW
MONYINEALE
MKHYRKIIDS
GGGSGEGEGESL
APHCTIYSAL
REQHOTLENG
IFPLIHENTPI
EDNS>MASDP
ESVELEPPKE
KT=ZFREEQYN
KAXZQOPREFPO
ENMNYXTTPPV
OKSLSL3PGE

CChCCTCCGo

AGATCCACAA

TGATCAGATC

TCTCCATGGA
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301 AACATTTTTS
CCAGACGCTG

361 GRAAARCGGGT
TCTGGGCCGGE

421 CCGAAGRGAG
CCTGTCCCGG

481 AGGAACGAGA
CACCCAGAGC

£41 CCCGAGGACG
CCGGATGACC

601 CCGGCCTCGEE
CCCGATGCECC

661 AGTGACCCAT
GEEAACGCGC

721 CCGCMANCCCT
AMCCCACACG

781 TGTCCTCCTT
TTTCCCTCCC

£41 ARACCCRAGG
CGTAGTACAC

901 CTGAGCCACG
AGRAGTGCAT

961 ARCGCGRAAAA
GGTATCCCTG
1021 CTCACAGTCC
AGTAAGCARC
1081 AAGGCACTTC
ACCRAAGAGCARA
1141 CClCAGGELLY
AGTTTCCCTG

1201 ACI'I'GCCICE
AAGCAATCGA

1261 CAACCAGAGA
Allcrret

1521 CTCTACTCAA
GTTTTCCTGC
12801 TCTGTCATGC
CTTGAGCCCA
1441 GCGCAAGTRA

1 MLGARLELWY

51 YELQIHENGH
101 NIFGSHYFDF
151 FFPYSQFLSR
201 PAPASCEQEL
251 IGGGGSKTHT
01 VSHEDPEVEEFE
51 GEEYKCEVSN
401 TCLVEKGEYFES
151 EWQOQGNVESC

Oct. 25, 2016

GATCACACTA

ACGACGTCTA

CCTTCCTIGCC

TCCCCCTAAT

ACTCGGAGCG

CCCoCCCCTT

GTCZTGCCCC

ATACGCTGAT

ARGATCCCGA

CTARAGCCGCG

TGCACCAGGA

CCGCGCCTAT

ACACICLCCC

TCAAAGCEAT

ACRACTACAA

AGCTGACCGT

ATGAAGCGCT

CALCSVCSMS
VDGAPHCTIY
ENCREQHQTL
RNEIFLIHEN
PSAETNSEMA
CPPCPAEEAA
NWYVDGVEVH
KALPAPIEKT
DIAVEWESNG
SVMAEAT HNH

Sheet 32 of 40

TTTCZACCCGE

CCACTCTCCT

AGGCATGARAC

TCACTTCAAC

GGACZCCCTE

b

CAGGAGCTC

€

]

3

AGGEEIGE

CCCCMNACTTC

AGARSCAGCH

GATCTCTCGS

GGTGAAGTTC

CGAGGAACAR

CTGGCTGARAC

TGAGAAARCA

GCCL I'CCAGE

CLACCCLICC

GACAACACCC

GGATAAGTCC

GCATAATCAC

FGI23(R179Q)-FcLALAv1 (SEQ ID NO: 51)

VLRAYFNASPE
SALMIRSEDA
ENGYDVYHSPE
TEFIFREHTOS
SDPLGVVRGE
GGPSVELEPP
NAKTKFREED
ISKAKGOPRE
QPENNYKTTPE
YTOKSLSLSPE

FGEF23-FcLLALA v2 (SEQ ID NO: 32)

GASAATTGCA

CRGTATCACT

CCACCZCCGT

ACCCCZATAC

ARCGTGCTGA

ATCCCACCTG

GETGGTCCAT

ACGCCTCAGG

ARTTGGTATG

TATAAZAGTA

GCTAAGCART

ATCTCZARAGG

GAAGAGATGA

GACALTCCTG

CCGGTGCTGG

ACGTGGCAGC

TATACZCAGA

LI GSSWCEGLI
GEFVVITCEVMS
OQYHELYVSLGR
AFDDSERDPL
RVNTHACGTG
KEEDTLMISE
YNSTYRVVSY
PCVYTLEPSE
PV_DSDGESEE
GE*
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GETTCZARCA

TCCTEGTCAG

ACTCCZAGTT

CACGEIGGCA

AGCCCIGGGET

AGGACAACAG

CCCACGITGGE

CACCTTCAN

CAGTITTTICT

TGACATGCGT

TGGAZGGAGT

CTTACAGGGT

ACRAGTGCAA

CGARAGGGACA

CCAAARATCA

TIGAATGGEA

ATAGTGACGG

AGGGAAACGT

AGTCTITGAG

HLYTATARNS
RRYLZMDERG
AKFAFPLPGMN
NVL<PRARMT
PEGCRPEFAKE
TPEVIZVVVD
LTVLHDDWLN
EEMTENOQVSL
LYSKXLTVDES
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1 ATGTTGGEGE
CAGCATGAGC

6l GTCCTCAGAG
TGGCCTGATC

121 CACCTGTACA
GAATGGCCAT

181 GTGGATGGCG
AGAGGATGCT

241 GGCTTTGTGG
LI CAGAGEC

301 AACATTTTIG
CCAGACCGCTG

361 GAAAACGGGT
TCTGGECCEE

421 GCGAAGAGAG
CCLGLICCCGGE

481 AGGAACGAGA
CACCCAGAC

541 GCCGAGGACG
CCGGATGACC

601 CCGGCCCCGGE
CCCGATGGECC

66l AGTGACCCAT
GEGARCGGEC

721 CCGGARGGCT
CCCAGARGCA

781 GCAGGTGGETC
GATGATCTCT

841 CGCACGCCTG
CGAGGTGARG

901 TTCAATTGGT
GCGCGAGGAA

96l CAATATAACA
GCGACTGGCTG

1021 AACGELAAGGE
TATTGAGARA

1081 ACAATCTCCA
CCCGCCTTCC

1141 AGGGAAGAGA
ATTCTACCCT

1201 TCCGACATTG
CAAGACAACA
CGTGGATARG
1321 TCCAGGTGGC
GCTGCATAAT
1381 CACTATACCC

1261

1 MLGARLERLWY
51 YHLQIHENGH
101 NIFGSHYFEDP
151 PPPYSOILSR
201 PAPASCSQEL
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CCCGCCTCAG

CCTATCCCAR

CAGCCACAGC

CACCCCATCA

TGATTACAGG

GATCACACTA

ACGACGTCTA

CCTTCCTGE2C

TCCCCCTARAT

BCOTCGGAGCG

CCTCCTGTTC

TAGGGGTGGT

GCCGCCCCTT

CATCAGTTTT

AGGTGACATG

ATGTGGACGG

GTACTTACAG

AATACAAGTG

AGGCGAAGGG

TGACCAARARA

CTGTTGAATG

TEEATRETER

AGCAGGGRAR

AGAAGLICTICT

CALCSVCSMS
VDGAPHOTIY
ENCREFQHQOTL
ENEIPLIIIN
ESAEDNSPMA
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GCTCTGGGETC

TGICTCCCCA

CAGGAACZAGT

GACCATCTAC

TGTGATGAGC

TTTCGACCCG

CCACTCTCCT

AGGCATGAAC

TCACTTCARAC

GGACCCCCTG

ACAGGAGCTC

CAGGGGZGGT

CGIOCAAGTTC

TCTTTTCCCT

CGTCGTAGTA

AGTAGAAGTG

SETGETATCC

CAAAGLAAGC

ACAACCAAGH

TCAAGTTTCC

CGAARAGCRAAT

CEEATCTTTC

CETGTTTTCC

SGAGCTIGACC

FGF23(R179Q)-FcLALAv2 (SEQ ID NO: 53)

VLRAYFPNASPE
SALMIRSEDA
ENGYDVYHSE
TPIPRRIITOS
SDPLGVVRGG

TGTGCCTTGT

CTGCTCGGCT

TACCACCTGC

AGTGCCCTGA

AGAAGATACC

GAGARACTGCA

CAGTATCACT

CCACCCCCGT

ACCCCCATAC

AACGTGCTGA

CCGAGCGCCG

CGAGTGAACH

ATCGGAGGETG

CCCARACCCA

GACGTGAGCC

CATARCGCGA

STGCTCACAG

AACAAGGCAC

GARCCTCAGG

CTGACTTGCC

GCCACAACCAG

TTTCTCTACT

TGCTCTGTCA

CCAGGCAAGY

LLG3SSWGGLTI
CEVVITGVMS
QYHFLVSLGR
APDDELEEDEL
RVNTEAGGTG
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GCAGTGTCTG

CCAGCTGGEGGE

AGATCCACAR

TGATZAGATC

TCTGCATGGA

GGITCCAACA

TCCTSGTCAG

ACTCCCAGTT

CACGECIGGECA

AGCCTCGGEGEC

AGCACAACAG

CGCACGITGG

GACGTTZAGC

AGCATAZGCT

ACCARMGATCC

AARCTAAGCC

TCCTSCACCA

PICCCGE2GECC

TTTACAZTCT

TCCTCAAAGG

AGRACAACTA

CARASTTGAC

TGCATGAAGC

JRV2N

HLYTATARNS
REYTLCMDERG
AKRAFLPGMN
NVLKPRARMT
PECCRPFAKE
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251
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401
451

IGGGGSAPEA
FNWYVDGVEY
NKALPAPTIEK
SDIAVEWESN
CSVMHEATHN
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AGGPSVELEP
HNAKTEPREE
TISKAKGOPR
GOFENNYKTT
HYTOESLSLS

PKPEDTLMIS RTPEVTCVVY DVSHEDPEVE
QYNSTYRVVS VLTVLHQDWL NGEEYKCEVS
EPOVYTLPPS REEMTENQVS LTCLVKGEYP
PEVLDSDGSE FLYSKLTVDK SREWQOGNVES

PGK*
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Figure 3A

lane 1, Ctrl; lane 2, FGF23; lane 3, sKlotho; lanes 4-6, sKlotho-FGF23

Figure 3B

lane 1, Ctrl; lane 2, FGF23; lane 3, sKlotho; lanes 4-6, sKlotho-FGF23
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Figure 3C

lane 1, purified sKlotho-FGF23-6xHis; lane 2, molecular weight marker
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Figure 4

Ctrl
B heparin (20 pg/ml)

Fold changes

Ctrl FGF23 sklotho FGF23 + Sklotho-
sKlotho FGF23
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protein
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METHODS AND COMPOSITIONS USING A
KILLOTHO-FGF23 FUSION POLYPEPTIDE

This application is a divisional of U.S. application Ser.
No. 13/796,711 filed Mar. 12, 2013 which is a divisional of
U.S. application Ser. No. 12/360,970 filed Jan. 28, 2009,
which claims priority to U.S. Provisional Application No.
61/063,015 filed Jan. 28, 2008, the contents of which are
incorporated herein by reference in their entirety.

1. BACKGROUND

The alpha-Klotho gene encodes a 130 kDa single pass
type 1 transmembrane protein with an extracellular domain
and a short cytoplasmic domain. The extracellular domain of
alpha-Klotho protein comprises two subdomains termed,
KL-D1 and KL-D2. These two subdomains share sequence
homology to p-glucosidase of bacteria and plants. The
extracellular domain of the alpha-Klotho protein may be
bound to the cell surface by the transmembrane domain or
may be cleaved and released into the extracellular milieu.
Cleavage of the extracellular domain appears to be facili-
tated by local low extracellular Ca** concentrations.

In addition to alpha-Klotho, a homolog of alpha-Klotho,
beta-Klotho, has been identified (Ito et al., Mech. Dev.
98:115-9 (2000)). Beta-Klotho is also a single pass type 1
transmembrane protein with extracellular KIL-D1 and
KL-D2 subdomains.

Modulation of alpha-Klotho expression has been demon-
strated to produce aging related characteristics in mammals.
Mice homozygous for a loss of function mutation in the
alpha-Klotho gene develop characteristics resembling
human aging, including shortened lifespan, skin atrophy,
muscle wasting, arteriosclerosis, pulmonary emphysema
and osteoporosis (Kuro-o et al., Nature, 390:45-51 (1997)).
In contrast, overexpression of the alpha-Klotho gene in mice
extends lifespan and increases resistance to oxidative stress
relative to wild-type mice (Kurosu et al., Science 309:1829-
1833 (2005); Yamamoto et al., J. Biol. Chem. 280:38029-
38034 (2005)).

Fibroblast growth factors (FGFs) constitute a family of
homologous polypeptide growth factors expressed in many
organisms (Ornitz and Itoh, Genome Biol. 2: reviews,
3005.1-3005.12 (2001)). Among vertebrate species, FGFs
are highly conserved in both gene structure and amino-acid
sequence, having between 13-71% amino acid identity with
one another. In humans, there are 22 known members of the
FGF family (FGF15 is the mouse ortholog of human FGF19,
hence there is no human FGF15). During early development,
FGFs regulate cell proliferation, migration, and differentia-
tion, but in the adult organism, FGFs maintain homeostasis,
function in tissue repair, and respond to injury.

FGFs function as growth factors by binding and thereby
activating cell-surface FGF receptors. FGF receptors (FG-
FRs) are tyrosine kinase receptors that activate signal trans-
duction through autophosphorylation of FGFR, phosphory-
lation of FRS2 (FGF receptor substrate 2) and ERK1/2
(extracellular signal-regulated protein kinase 1/2), and acti-
vating Egr-1 (early growth response-1). FGFs also have a
high affinity for heparin sulfate proteoglycans. When bound
to FGFs, heparin sulfate enhances the activation of FGFRs.

Recent studies have demonstrated strikingly similar bio-
logical characteristics between FGF23-deficient mice and
alpha-Klotho-deficient mice (Shimada et al., J. Clin. Invest.
113:561-568 (2004); Yoshida et al. Endocrinology 143:683-
689 (2002)), indicating functional crosstalk between FGF23
and alpha-Klotho. These studies led to the identification of
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alpha-Klotho as an obligatory partner of FGF23, in terms of
both binding and signaling through its cognate FGF recep-
tors (Urakawa et al., Nature 22:1524-6 (2007)). The alpha-
Klotho gene is mainly expressed in kidney, parathyroid
gland and choroid plexus. It is hypothesized that the tissue-
specific expression of alpha-Klotho restricts activation of
FGF23 signaling to those tissues.

Similar to FGF23/alpha-Klotho, beta-Klotho is an obliga-
tory partner of FGF19 and FGF21, both in binding and in
signaling through their respective cognate FGF receptors
(Ogawa et al., Proc. Natl. Acad. Sci. USA 104:7432-7
(2007); Lin et al., J. Biol Chem. 282:27227-84 (2007); and
Wu et al, J. Biol. Chem. 282:29069-72 (2007)). Such
studies have also demonstrated the involvement of beta-
Klotho in regulating tissue-specific metabolic activity. Beta-
Klotho was initially shown to act with FGF21 as a cofactor
for regulating carbohydrate and lipid metabolism in adipose
tissue. Beta-Klotho in conjunction with FGF19 regulates
bile acid metabolism in liver, thus explaining elevated bile
synthesis in beta-Klotho deficient mice (Ito et al., J Clin
Invest. 2005 August; 115(8):2202-8).

U.S. Pat. No. 6,579,850 describes polypeptides and com-
positions comprising an alpha-Klotho polypeptide. Human
and mouse alpha-Klotho polypeptides are disclosed. The
patent also disclosed that compositions comprising the poly-
peptides are useful in treating a syndrome resembling pre-
mature aging, treating adult diseases, and suppressing aging.

U.S. Pat. No. 7,223,563 describes isolated nucleic acids
encoding the FGF23 polypeptide sequence or recombinant
cells comprising such an isolated nucleic acid. The patent
further relates to methods of diagnosing and treating hypo-
phosphatemic and hyperphosphatemic disorders, osteoporo-
sis, dermatomyositis, and coronary artery disease.

U.S. Pat. No. 7,259,248 describes isolated nucleic acids
encoding the FGF21 polypeptide sequence. The patent fur-
ther relates to methods of diagnosing and treating liver
disease, conditions related to thymic function, and methods
of treating conditions of the testis.

2. SUMMARY OF THE INVENTION

The present invention is directed to methods, kits and
compositions for preventing or treating age-related condi-
tions or metabolic disorders with Klotho fusion polypeptides
or soluble Klotho polypeptides. The Klotho fusion polypep-
tides of the present invention are formed of a Klotho protein
or an active fragment thereof (e.g., sKlotho). In some
embodiments, the present invention provides a Klotho
fusion polypeptide comprising a Klotho protein or an active
fragment thereof and a fibroblast growth factor or an active
fragment thereof. In some embodiments, the fusion poly-
peptide comprises a Klotho polypeptide, a FGF (such as
FGF23) and a modified Fc fragment. The Fc fragment can,
for example, have decreased binding to Fc-gamma-receptor
and increased serum half-life. Fusion proteins comprising
sKlotho, FGF23 and FcLALA (a modified Fc fragment
having decreased affinity for Fc-gamma-receptor and/or
increased serum half-life) are described in SEQ ID NOs. 46,
47, 48, and 49. In some embodiments, the fusion polypep-
tide or protein comprises a FGF (e.g., FGF23) and a modi-
fied Fc fragment. Fusion proteins comprising FGF23 and
FcLLALA are described in SEQ ID NOs. 50, 51, 52 and 53.

In a first aspect, the invention provides a fusion polypep-
tide having at least one extracellular subdomain of a Klotho
protein and a fibroblast growth factor or an active fragment
thereof. In some embodiments, the fusion further comprises
a modified Fc fragment having decreased affinity (e.g.,
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decreased Ka or increased Kd) for Fc-gamma-receptor and/
or increased serum half-life. The Klotho extracellular
domain may be derived from either the alpha or beta Klotho
isoforms. Further, although the FGF component of the
Klotho fusion polypeptide is described primarily with ref-
erence to fibroblast growth factor-19, fibroblast growth
factor-21 and fibroblast growth factor-23, it is contemplated
that any of the twenty-three known FGFs can be used in
practicing the invention. The reader of the instant applica-
tion may assume that each of every combination of alpha or
beta extracellular domain with each human FGF protein or
an active fragment thereof are individually and specifically
contemplated.

According to the present invention, the extracellular
domain of the Klotho protein can include one or both of the
KL-D1 and KL-D2 domains of a Klotho protein. In some
embodiments, the Klotho fusion polypeptide of the inven-
tion has at least two extracellular subdomains of a Klotho
protein. For example, the at least two extracellular subdo-
mains can be at least two KL.-D1 domains in tandem repeats,
at least two KI.-D2 domains in tandem repeats, or at least
one KL-D1 domain and at least one KL-D2 domain. In one
embodiment, the fusion polypeptide of the invention com-
prises amino acids 28-292 of the full length alpha Klotho
protein. In another embodiment, the fusion polypeptide of
the invention comprises amino acids 52-997 of the full
length beta Klotho protein.

According to the present invention, the components of a
fusion polypeptide comprising (1) at least one extracellular
subdomain of a Klotho protein, (2) a FGF or an active
fragment thereof, and (3) a modified Fc fragment having
decreased affinity for Fc-gamma-receptor and/or increased
serum half-life may be linked together covalently, for
example, chemically linked or fused in frame by a peptide
bond. They may also linked via a linker. Non-limiting
examples of polypeptide linker are SEQ ID NOs:11, 12, 13,
14, 15, 16, 17, and 18. Such linkers may comprise at least
one and up to about 30 repeats of SEQ ID NOs:11, 12, 13,
14,15, 16, 17 and 18. In another non-limiting embodiment,
the fusion comprises (2) a FGF or an active fragment thereof
and (3) a modified Fc fragment. The various components of
the fusion can be operatively linked in any order; the
polypeptide (1) can be operatively linked to the N-terminus
of the polypeptide for (2) or (3); the polypeptide for (2) can
be operatively linked to the N-terminus of the polypeptide
for (1) or (3); the polypeptide for (3) can be operatively
linked to the N-terminus of the polypeptide for (1) or (2).

According to the present invention, the extracellular sub-
domain of a Klotho protein, the fibroblast growth factor and
the (optional) modified Fc fragment having decreased affin-
ity for Fc-gamma-receptor and/or increased serum half-life
can be operatively linked to one another in a variety of
orientations and manners. For example, the extracellular
subdomain of the Klotho protein can be operatively linked
to the N-terminus of the fibroblast growth factor or alterna-
tively the fibroblast growth factor can be operatively linked
to the N-terminus of an extracellular subdomain of the
Klotho protein.

In one embodiment, the present invention provides a
fusion polypeptide comprising a sKlotho of a Klotho protein
and a linker. In another embodiment, the present invention
provides a fusion polypeptide comprising a sKlotho of the
alpha Klotho protein and a linker. In another embodiment,
the present invention provides a fusion polypeptide com-
prising a sKlotho of the beta Klotho protein and a linker. In
yet another embodiment, the present invention provides a
human FGF protein or an active fragment thereof (e.g.,
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without signal peptide) and a linker. Pharmaceutical com-
positions comprising the fusion proteins of the invention and
their uses for treating or preventing age-related conditions or
metabolic disorders are also encompassed by the present
invention. In some embodiments, the fusion protein further
comprises a modified Fc fragment having decreased affinity
for Fe-gamma-receptor and/or increased serum half-life.

In one embodiment, the present invention provides a
fusion polypeptide comprising a sKlotho of alpha Klotho
protein with signal peptide fused (directly or indirectly via
a linker) to FGF-23. In another embodiment, the present
invention provides a fusion polypeptide comprising a
sKlotho of alpha Klotho protein without signal peptide fused
(directly or indirectly via a linker) to FGF-23. In another
embodiment, the present invention provides sKlotho of
alpha Klotho protein with signal peptide fused (directly or
indirectly via a linker) to FGF-23 without signal peptide. In
another embodiment, the present invention provides a fusion
polypeptide comprising sKlotho of alpha Klotho protein
without signal peptide fused (directly or indirectly via a
linker) to FGF-23 without signal peptide. In some embodi-
ments, the fusion protein further comprises a modified Fc
fragment having decreased affinity for Fc-gamma-receptor
and/or increased serum half-life.

In one embodiment, the present invention provides a
fusion polypeptide comprising a sKlotho of alpha Klotho
protein with signal peptide fused (directly or indirectly via
a linker) to FGF-23 (R179Q) variant. In another embodi-
ment, the present invention provides a fusion polypeptide
comprising a sKlotho of alpha Klotho protein without signal
peptide fused (directly or indirectly via a linker) to FGF-23
(R179Q) variant. In another embodiment, the present inven-
tion provides sKlotho of alpha Klotho protein with signal
peptide fused (directly or indirectly via a linker) to FGF-23
(R179Q) variant without signal peptide. In another embodi-
ment, the present invention provides a fusion polypeptide
comprising sKlotho of alpha Klotho protein without signal
peptide fused (directly or indirectly via a linker) to FGF-23
(R179Q)) variant without signal peptide. In some embodi-
ments, the fusion protein further comprises a modified Fc
fragment having decreased affinity for Fc-gamma-receptor
and/or increased serum half-life.

In one embodiment, the present invention provides a
fusion polypeptide comprising (1) sKlotho of alpha Klotho
protein with signal peptide; (2) a linker; and (3) FGF-23
(R179Q) variant without signal peptide. In another embodi-
ment, the present invention provides a fusion polypeptide
comprising (1) sKlotho of alpha Klotho protein without
signal peptide; (2) a linker; and (3) FGF-23 (R179Q) variant
without signal peptide. In some embodiments, the fusion
polypeptides of the invention are glycosylated. In some
embodiments, the fusion protein further comprises a modi-
fied Fc fragment having decreased affinity for Fc-gamma-
receptor and/or increased serum half-life.

In one embodiment, the present invention provides a
fusion polypeptide comprising (1) sKlotho of alpha Klotho
protein with signal peptide (SEQ ID NO: 44 or SEQ ID
NO:45); (2) a linker comprising SEQ ID NO:11; and (3)
FGF-23 (R179Q) variant without signal peptide (SEQ ID
NO: 43). In another embodiment, the present invention
provides a fusion polypeptide comprising (1) sKlotho of
alpha Klotho protein without signal peptide (SEQ ID NO:7);
(2) a linker comprising SEQ ID NO:11; and (3) FGF-23
(R179Q) variant without signal peptide (SEQ ID NO: 43). In
one embodiment, the present invention provides a fusion
polypeptide comprising the amino acid sequence of SEQ ID
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NO:19, 20, 40, or 41. In some embodiments, the fusion
polypeptides of the invention are glycosylated.

In one embodiment, the present invention provides a
fusion polypeptide comprising sKlotho of alpha Klotho
protein with signal peptide (SEQ ID NO:44 or SEQ ID
NO:45); and a linker comprising SEQ ID NO:11. In another
embodiment, the present invention provides a fusion poly-
peptide comprising sKlotho of alpha Klotho protein without
signal peptide (SEQ ID NO:7); and a linker comprising SEQ
ID NO:11. In some embodiments, the fusion polypeptides of
the invention are glycosylated. In some embodiments, the
fusion protein further comprises a modified Fc fragment
having decreased affinity for Fe-gamma-receptor and/or
increased serum half-life.

In one embodiment, the present invention provides a
fusion polypeptide comprising a human FGF protein or an
active fragment thereof (e.g., without the signal peptide);
and a linker comprising SEQ ID NO:11. In some embodi-
ments, the fusion polypeptides of the invention are glyco-
sylated. In some embodiments, the fusion protein further
comprises a modified Fc fragment having decreased affinity
for Fc-gamma-receptor and/or increased serum half-life.

In one embodiment, the present invention provides a
pharmaceutical composition (e.g., in an intra-muscular
administering form) comprising (e.g., as a sole pharmaceu-
tically active ingredient) a fusion polypeptide (e.g., glyco-
sylated or non-glycosylated) that comprises (1) sKlotho of
alpha Klotho protein with signal peptide (SEQ ID NO: 44 or
SEQ ID NO:45); (2) a linker comprising SEQ ID NO:11;
and (3) FGF-23 (R179Q) variant without signal peptide
(SEQ ID NO: 43); and (4) optionally, a modified Fc frag-
ment having decreased affinity for Fc-gamma-receptor and/
or increased serum half-life; and uses of the pharmaceutical
composition for treating and/or preventing age-related con-
ditions, such as muscular atrophy. In another embodiment,
the present invention provides a pharmaceutical composi-
tion (e.g., in an intra-muscular administering form) com-
prising (e.g., as a sole pharmaceutically active ingredient) a
fusion polypeptide (e.g., glycosylated or non-glycosylated)
that comprises (1) sKlotho of alpha Klotho protein without
signal peptide (SEQ ID NO:7); (2) a linker comprising SEQ
ID NO:11; and (3) FGF-23 (R179Q) variant without signal
peptide (SEQ ID NO: 43); and (4) optionally, a modified Fc
fragment having decreased affinity for Fc-gamma-receptor
and/or increased serum half-life; and uses of the pharma-
ceutical composition for treating and/or preventing age-
related conditions, such as muscular atrophy. In one embodi-
ment, the present invention provides a pharmaceutical
composition (e.g., in an intra-muscular administering form)
comprising (e.g., as a sole pharmaceutically active ingredi-
ent) a fusion polypeptide (e.g., glycosylated or non-glyco-
sylated) comprising the amino acid sequence of SEQ ID
NO:19, 20, 40, or 41; and uses of the pharmaceutical
composition for treating and/or preventing age-related con-
ditions, such as muscular atrophy.

In one embodiment, the present invention provides a
pharmaceutical composition (e.g., in an intra-muscular
administering form) comprising (e.g., as a sole pharmaceu-
tically active ingredient) a fusion polypeptide (e.g., glyco-
sylated or non-glycosylated) that comprises sKlotho of alpha
Klotho protein with signal peptide (SEQ ID NO:44 or SEQ
ID NO:45); and a linker comprising SEQ 1D NO:11; and
uses of the pharmaceutical composition for treating and/or
preventing age-related conditions, such as muscular atrophy.
In another embodiment, the present invention provides a
pharmaceutical composition (e.g., in an intra-muscular
administering form) comprising (e.g., as a sole pharmaceu-
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tically active ingredient) a fusion polypeptide (e.g., glyco-
sylated or non-glycosylated) comprising sKlotho of alpha
Klotho protein without signal peptide (SEQ ID NO:7); and
a linker comprising SEQ ID NO:11; and uses of the phar-
maceutical composition for treating and/or preventing age-
related conditions, such as muscular atrophy. In some
embodiments, the fusion protein further comprises a modi-
fied Fc fragment.

In one embodiment, the present invention provides a
pharmaceuticals composition comprising (e.g., as a sole
pharmaceutically active ingredient) a fusion polypeptide
(e.g., glycosylated or non-glycosylated) that comprises a
human FGF protein or an active fragment thereof (e.g.,
without the signal peptide); and a linker comprising SEQ 1D
NO:11.

Pharmaceutical compositions comprising the fusion pro-
teins of the invention and their uses for treating or prevent-
ing age-related conditions (e.g., muscle atrophy) or meta-
bolic disorders (e.g., diabetes) are also encompassed by the
present invention.

In one embodiment, the present invention provides a
fusion polypeptide that is at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 96%, at least 97%, at least 98%, at least
99% identical to SEQ ID NO: 19. In another embodiment,
the present invention provides a fusion polypeptide that is at
least 85%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 96%,
at least 97%, at least 98%, at least 99% identical to SEQ ID
NO: 20.

In one embodiment, the present invention provides a
fusion polypeptide that is at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 96%, at least 97%, at least 98%, at least
99% identical to SEQ ID NO: 40. In another embodiment,
the present invention provides a fusion polypeptide that is at
least 85%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 96%,
at least 97%, at least 98%, at least 99% identical to SEQ ID
NO: 41.

In one embodiment, the present invention provides a
fusion polypeptide that is at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identical to SEQ ID NO: 46. In another
embodiment, the present invention provides a fusion poly-
peptide that is at least 85%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 96%, at least 97%, at least 98%, at least 99%
or 100% identical to SEQ ID NO: 47.

In another embodiment, the present invention provides a
fusion polypeptide that is at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identical to SEQ ID NO: 48. In another
embodiment, the present invention provides a fusion poly-
peptide that is at least 85%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 96%, at least 97%, at least 98%, at least 99%
or 100% identical to SEQ ID NO: 49.

In one embodiment, the present invention provides a
fusion polypeptide that is at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identical to SEQ ID NO: 50. In another
embodiment, the present invention provides a fusion poly-
peptide that is at least 85%, at least 90%, at least 91%, at
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least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 96%, at least 97%, at least 98%, at least 99%
or 100% identical to SEQ ID NO: 51.

In one embodiment, the present invention provides a
fusion polypeptide that is at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identical to SEQ ID NO: 52. In another
embodiment, the present invention provides a fusion poly-
peptide that is at least 85%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 96%, at least 97%, at least 98%, at least 99%
or 100% identical to SEQ ID NO: 53.

In one embodiment, the present invention provides a
fusion polypeptide comprising a sKlotho of beta Klotho
protein with signal peptide fused (directly or indirectly via
a linker) to FGF-19 or an active fragment thereof. In some
embodiments, the fusion further comprises a modified Fc
fragment having decreased affinity for Fc-gamma-receptor
and/or increased serum half-life. In another embodiment, the
present invention provides a fusion polypeptide comprising
a sKlotho of beta Klotho protein without signal peptide
fused (directly or indirectly via a linker) to FGF-19 or an
active fragment thereof. In another embodiment, the present
invention provides a fusion polypeptide comprising a
sKlotho of beta Klotho protein with signal peptide fused
(directly or indirectly via a linker) to FGF-21 or an active
fragment thereof. In another embodiment, the present inven-
tion provides a fusion polypeptide comprising a sKlotho of
beta Klotho protein without signal peptide fused (directly or
indirectly via a linker) to FGF-21 or an active fragment
thereof.

The invention provides nucleic acid sequences encoding
any of the Klotho fusion polypeptides described herein and
host cells containing the nucleic acids. In some embodi-
ments, the fusion further comprises a modified Fc fragment
having decreased affinity for Fc-gamma-receptor and/or
increased serum half-life.

The invention also provides composition having any of
the Klotho fusion polypeptides contemplated herein. The
compositions of the invention can further include heparin. In
some embodiments, the fusion further comprises a modified
Fc fragment having decreased affinity for Fc-gamma-recep-
tor and/or increased serum half-life.

The invention also provides a method for treating or
preventing an age-related condition in an individual. An
individual (e.g., human) is administered a therapeutically
effective dose of a pharmaceutical composition containing a
Klotho fusion polypeptide, having at least one extracellular
subdomain of a Klotho protein (e.g., alpha Klotho protein)
and a fibroblast growth factor or an active fragment thereof
0 as to treat or prevent the age-related condition. In some
embodiments, the fusion further comprises a modified Fc
fragment having decreased affinity for Fc-gamma-receptor
and/or increased serum half-life. In particular, the invention
provides a method of treating or preventing muscle wasting
comprising administering to an individual (e.g., human) an
therapeutically effective amount of a fusion polypeptide
having at least one extracellular subdomain of an alpha
Klotho protein and a fibroblast growth factor (or an active
fragment thereof).

Additionally, the invention provides a method for treating
or preventing a metabolic disorder in an individual. An
individual is administered a therapeutically effective dose of
a pharmaceutical composition containing a fusion polypep-
tide of the invention, having at least one extracellular
subdomain of a Klotho protein and a fibroblast growth factor
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(or an active fragment thereof) so as to treat the metabolic
disorder. In some embodiments, the fusion further comprises
a modified Fc fragment having decreased affinity for Fc-
gamma-receptor and/or increased serum half-life. In particu-
lar, a fusion polypeptide of the invention having at least one
extracellular subdomain of a beta-Klotho protein and a
fibroblast growth factor 21 is useful for treating a metabolic
disorder.

Klotho-FGF23 fusion polypeptides of the invention can
be used for treating or preventing hyperphosphatemia or
calcinosis in an individual. In some embodiments, the fusion
further comprises a modified Fe fragment having decreased
affinity for Fc-gamma-receptor and/or increased serum half-
life. A pharmacologically effective dose of a pharmaceutical
composition containing the Klotho fusion polypeptide of the
invention, having at least one extracellular subdomain of a
Klotho protein and a fibroblast growth factor, is adminis-
tered to treat or prevent hyperphosphatemia or calcinosis. In
particular, a Klotho fusion polypeptide of the invention
having at least one extracellular subdomain of an alpha
Klotho protein and a fibroblast growth factor 23 is useful for
treating hyperphosphatemia or calcinosis.

Klotho-FGF23 fusion polypeptides of the invention can
be used for treating or preventing chronic renal disease or
chronic renal failure in an individual. In some embodiments,
the fusion further comprises a modified Fc fragment having
decreased affinity for Fc-gamma-receptor and/or increased
serum half-life. A therapeutically effective dose of a phar-
maceutical composition containing the Klotho fusion poly-
peptide of the invention, having at least one extracellular
subdomain of a Klotho protein (e.g., alpha Klotho protein)
and a fibroblast growth factor, is administered to treat or
prevent chronic renal disease or chronic renal failure.

Klotho-FGF23 fusion polypeptides of the invention can
be used for treating or preventing cancer (e.g., breast cancer)
in an individual. In some embodiments, the fusion further
comprises a modified Fc fragment having decreased affinity
for Fc-gamma-receptor and/or increased serum half-life. A
therapeutically effective dose of a pharmaceutical composi-
tion containing the Klotho fusion polypeptide of the inven-
tion, having at least one extracellular subdomain of a Klotho
protein (e.g., alpha Klotho protein) and a fibroblast growth
factor, is administered to treat or prevent cancer or breast
cancet.

The present invention provides fusion polypeptides com-
prising at least one extracellular subdomain of Klotho pro-
tein and a FGF or an active fragment thereof for use in
medicine. In some embodiments, the fusion further com-
prises a modified Fc fragment having decreased affinity for
Fe-gamma-receptor and/or increased serum half-life. In one
embodiment, the present invention provides fusion polypep-
tides comprising at least one extracellular subdomain of
Klotho protein and a FGF or an active fragment thereof for
use in treating or preventing muscle atrophy. The present
invention also provides a method of treating or preventing
an age related condition (e.g., muscle atrophy) comprising
administering to an individual in need thereof a therapeuti-
cally effective dose of a pharmaceutical composition com-
prising a soluble Klotho protein.

The invention also includes kits for treating or preventing
an age-related disorder or metabolic disorder in an indi-
vidual. The kit includes instructions for use and a purified
Klotho fusion polypeptide having at least one extracellular
subdomain of a Klotho protein and a fibroblast growth
factor. In some embodiments, the fusion further comprises a
modified Fc fragment having decreased affinity for Fc-
gamma-receptor and/or increased serum half-life.
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The invention also provides a kit for producing a Klotho
fusion polypeptide of the invention. The kit of the invention
includes instructions for use and a nucleic acid encoding a
Klotho fusion polypeptide, having at least one extracellular
subdomain of Klotho protein and a fibroblast growth factor.
In some embodiments, the fusion further comprises a modi-
fied Fc fragment having decreased affinity for Fc-gamma-
receptor and/or increased serum half-life.

In one embodiment of the invention, the fusion polypep-
tide comprises: (a) a polypeptide comprising a fibroblast
growth factor; and (b) a modified Fc fragment having
decreased affinity for Fc-gamma-receptor and/or increased
serum half-life

In one embodiment of the invention, the polypeptide of
(a) and the polypeptide of (b) are connected by a polypeptide
linker. The linker can be repeated 1 to 30 times, or more.

In one embodiment of the invention, the polypeptide
linker comprises an amino acid sequence selected from the
group consisting of: SEQ ID NO:11, SEQ ID NO:12, SEQ
ID NO:13, SEQ ID NO: 14, SEQ ID NO:15, SEQ ID NO:16,
SEQ ID NO:17, and SEQ ID NO:18.

In one embodiment of the invention, the polypeptide of
(a) is connected by a peptide bond to the N-terminus of said
polypeptide linker, and the polypeptide of (b) is connected
by a peptide bond to the C-terminus of said polypeptide
linker.

In one embodiment of the invention, the fusion polypep-
tide further comprises a signal peptide.

In one embodiment of the invention, the signal peptide is
the IgG signal peptide.

In one embodiment of the invention, the fibroblast growth
factor is fibroblast growth factor-23 or a fibroblast growth
factor-23 variant (R179Q).

In one embodiment of the invention, the fibroblast growth
factor is fibroblast growth factor-19 or fibroblast growth
factor-21.

In one embodiment of the invention, fusion polypeptide
comprises an amino acid sequence which is 95% or more
identical to the amino acid sequence of SEQ ID NO: 51, or
SEQ ID NO: 53.

In one embodiment of the invention, fusion polypeptide
comprises the amino acid sequence of SEQ ID NO:51, or
SEQ ID NO:53.

In one embodiment of the invention, fusion polypeptide
comprises FcLALA.

3. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates several different embodiments of the
Klotho fusion polypeptides of the invention. The repre-
sented fusion polypeptides include one or more Klotho
extracellular subdomains operatively linked to a fibroblast
growth factor. Polypeptides containing one or more Klotho
extracellular subdomains include, for example, an extracel-
Iular domain of Klotho (e.g., aa 1 to 982 of human Klotho),
or an active fragment of Klotho.

FIG. 2 illustrates the amino acid and nucleic acid
sequences of several Klotho fusion polypeptides of the
invention and components thereof (e.g., Klotho extracellular
domain, FGF). Fusion proteins comprising sKlotho, FGF23
and FcLALA (a modified Fc fragment having decreased
affinity for Fc-gamma-receptor and/or increased serum half-
life) are described in SEQ ID NOs. 46, 47, 48, and 49.
Fusion proteins comprising FGF23 and FcLALA are
described in SEQ ID NOs. 50, 51, 52 and 53.

FIGS. 3A-3C depict protein expression of an sKlotho-
FGF23 fusion protein. FIG. 3A shows that sKlotho-FGF23
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fusion protein was detected in conditioned media by Western
blotting with anti-FGF23 antibodies. FIG. 3B shows that
sKlotho-FGF23 fusion protein was detected in conditioned
media by SDS-PAGE and Coomassie blue staining FIG. 3C
shows a highly purified sKlotho-FGF23-6x His fusion pro-
tein, analyzed by SDS-PAGE and Coomassie blue staining.

FIG. 4 illustrates the results of an Egr-1 luciferase assay
comparing the activation level of Egr-1 in cells treated with
conditioned media containing either a Klotho fusion poly-
peptide, a FGF 23 polypeptide only, a soluble Klotho
(sKlotho) polypeptide only, and a soluble Klotho polypep-
tide in combination with a FGF 23 polypeptide in the
absence or presence of heparin (20 pg/ml).

FIGS. 5A-5B depict the results of an Egr-1 luciferase
assay comparing the activation level of Egr-1 in cells treated
with purified Klotho fusion polypeptide, FGF 23 polypep-
tide, or soluble Klotho polypeptide in the absence or pres-
ence of heparin. FIG. 5A shows an the results of an experi-
ment comparing the activation level of Egr-1 in cells treated
with FGF 23 alone, sKlotho-His (10 nM or 20 nM) and a
combination of FGF 23 and sKlotho-His (10 nM or 20 nM)
in the absence or presence of heparin (20 pg/ml). FIG. 5B
shows Egr-1 luciferase reporter activity in cells treated with
sKlotho-FGF23-His fusion (0 nM, 0.6 nM, 1.21 nM, 2.41
nM, 4.83 nM, 9.65 nM, and 19.3 nM).

FIGS. 6A-6B illustrate the effect of treatment with a
purified sKlotho fusion polypeptide on C2C12 muscle cells.
FIG. 6A shows measurements of myotube diameter in
C2C12 muscle cells treated with either IGF-1 (10 nM),
FGF2 (20 ng/ml), or a purified Klotho fusion polypeptide
(20 nM), in the absence or presence of dexamethasone (100
uM). FIG. 6B shows the phosphorylation of signaling path-
way proteins in C2C12 muscle cells by IGF-1 (10 nM),
FGF2 (20 ng/ml), or a purified Klotho fusion polypeptide
(20 nM), in the absence or presence of rapamycin (40 nM).

4. DETAILED DESCRIPTION

The present invention is directed to methods, kits and
compositions for preventing or treating age-related condi-
tions and metabolic disorders. The fusion polypeptides of
the invention include a Klotho protein or active fragment
thereof. In some embodiments, the fusion polypeptides of
the invention include a Klotho protein or an active fragment
thereof operatively linked to a fibroblast growth factor
polypeptide or active fragment thereof. In some embodi-
ments, the fusion further comprises a modified Fc fragment
with decreased ability to bind FcRn and/or increased stabil-
ity in serum. In another embodiment, the fusion polypeptide
comprises a FGF (e.g., FGF23) and a modified Fc fragment
with decreased ability to bind FcRn and/or increased stabil-
ity in serum.

The fusion proteins or sKlotho of the present invention
are useful in the treatment and prevention of a variety of
age-related conditions including sarcopenia, skin atrophy,
muscle wasting, brain atrophy, atherosclerosis, arterioscle-
rosis, pulmonary emphysema, osteoporosis, osteoarthritis,
immunologic incompetence, high blood pressure, dementia,
Huntington’s disease, Alzheimer’s disease, cataracts, age-
related macular degeneration, prostate cancer, stroke, dimin-
ished life expectancy, memory loss, wrinkles, impaired
kidney function, and age-related hearing loss; and metabolic
disorders including Type II Diabetes, Metabolic Syndrome,
hyperglycemia, and obesity.

The present invention is based at least in part on the
finding that despite the physical constraints (e.g., large size
of both the Klotho and FGF polypeptides) the Klotho-FGF
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fusion polypeptides are highly effective in activating an FGF
receptor. This finding is unexpected given that fusion of
these two proteins would likely interfere with the heterodi-
merization and thus the activities of the proteins; e.g., the
binding domains of the proteins may be perturbed by the
fusion or the proteins may be mis-oriented spatially if put
together in a “cis” formation.

The fusion polypeptides described herein are advanta-
geous because they allow the administration of a single
therapeutic protein that has enhanced activity compared to
Klotho or FGF administered alone or together as separate
polypeptides. The use of Klotho and FGF as a single fusion
polypeptide rather than as two separate polypeptides (i.e., a
Klotho polypeptide and a separate FGF polypeptide) is more
effective at activating the FGF receptor.

Definitions

“Klotho polypeptide”, “Klotho protein”, or “Klotho™ as
used herein, includes active fragments, derivatives, mimet-
ics, variants and chemically modified compounds or hybrids
thereof of wild-type “Klotho”. A Klotho active fragment has
the ability to bind to an FGF polypeptide. Generally, a
Klotho active polypeptide contains at least a Klotho subdo-
main (e.g., KL.-D1 and KL.-D2). Wild-type Klotho has the
amino acid sequence as is found in nature. Exemplary
Klotho polypeptides suitable for use with the present inven-
tion include alpha-Klotho (SEQ ID NO: 2) and beta-Klotho
(SEQ ID NO: 4). Nucleotide and amino acid sequences of
the alpha-Klotho and beta-Klotho are found in the GenBank
database at Accession No. NM_004795; NP_004786 and
NM_175737; NP_783864, respectively. Klotho polypep-
tides include those described in U.S. Pat. No. 6,579,850, the
content of which is herein incorporated by reference in its
entirety. The Klotho polypeptides include those from other
species besides humans, including alpha-Klotho from mouse
(NP_038851), rat (NP_112626), rabbit (NP_001075692)
and beta-Klotho from mouse (NP_112457). Species pre-

dicted to have alpha-Klotho include chimpanzee
(XP_522655), macaque (XP_001101127), horse
(XP_001495662), cow  (XP_001252500), platypus

(XP_001510981), and chicken (XP_417105). Species pre-
dicted to have Dbeta-Klotho include chimpanzee
(XP_526550), macaque (XP_001091413), horse
(XP_001495248), dog (XP_536257), rat (XP_001078178),
platypus (XP_001512722), and chicken (XP_423224). The
Klotho polypeptides have an amino acid sequence that is
substantially identical to the amino acid sequence of SEQ ID
NO: 2 or SEQ ID NO:4; i.e., at least 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99% or more identical at the
amino acid sequences of SEQ ID NO:2 or SEQ ID NO:4, or
active fragment thereof.

“Fusion polypeptide” or “fusion protein”, as used herein,
shall mean a polypeptide comprising two or more different
polypeptides or active fragments thereof that are not natu-
rally present in the same polypeptide. In some embodiments,
the two or more different polypeptides are operatively linked
together covalently, e.g., chemically linked or fused in frame
by a peptide bond. As used herein a “Klotho fusion poly-
peptide” is a fusion polypeptide which includes an amino
acid sequence from a Klotho polypeptide or active fragment
thereof. A fusion polypeptide can comprise, as non-limiting
examples, Klotho (e.g., sKlotho), FGF (e.g., FG23), and
(optionally) a modified Fc fragment (e.g., a modified Fc
fragment with decreased binding affinity to FC-gamma-
receptor and/or increased serum half-life). Examples of this
type of fusion polypeptide are presented in SEQ ID NOs. 46
to 49. In another embodiment, the fusion proteins comprise
FGF (e.g., FGF23) and a modified Fc (e.g., FcLALA).
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Fusion proteins comprising FGF23 and FcLALA are
described in SEQ ID NOs. 50, 51, 52 and 53. FcLALA is a
Fc fragment with a LAL A mutation (1.234A, [.235A), which
triggers ADCC with lowered efficiency, and binds and
activates human complement weakly. Hessell et al. 2007
Nature 449:101-104.

“Fibroblast growth factor” and “FGF” are used inter-
changeably herein and shall refer to polypeptides that regu-
late cell proliferation, migration, differentiation, homeosta-
sis, tissue repair and response to injury in an animal,
including a human subject. FGFs have the ability to bind to
a fibroblast growth factor receptor and regulate its activity,
including autophosphorylation of FGFR, phosphorylation of
FRS2 (FGF receptor substrate 2) and ERK1/2 (extracellular
signal-regulated protein kinase 1/2), and activating Egr-1
(early growth response-1). The term “FGF” includes active
fragments, derivatives, mimetics, variants and chemically
modified compounds or hybrids thereof of wild-type “FGF”,
e.g., as known in the art and as described in U.S. Pat. No.
7,223,563 and U.S. Pat. No. 7,259,248, the contents of
which are incorporated by reference in their entirety. Wild-
type FGF has an amino acid sequence as is found in nature.
Exemplary fibroblast growth factors suitable for use with the
present invention include fibroblast growth factor-19
(FGF19; SEQ ID NO: 31), fibroblast growth factor-21
(FGF21; SEQ ID NO: 33), and fibroblast growth factor-23
(FGF23; SEQ ID NO: 35). The FGF polypeptides include
those from other species besides humans, including murine
FGFs. Generally, FGF polypeptides have an amino acid
sequence that is substantially identical to the amino acid
sequence of SEQ ID NO: 31, SEQ ID NO:33 or SEQ ID
NO:35; i.e., having an amino acid sequence is which is at
least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99% or more or 100% identical to the amino acid sequences
of SEQ ID NO: 31 SEQ ID NO:33 or SEQ ID NO:35, or
active fragments thereof. Additional non-limiting examples
of FGF, particularly FGF23, are provided at aa 1002-1228 of
SEQ ID NO:47; aa 1002-1228 of SEQ ID NO: 49; aa 1-251
of SEQ ID NO: 51, and aa 1-251 of SEQ ID NO:53; and
sequences which are at least 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99% or more or 100% identical to
these sequences. Nucleotides encoding these sequences are
provided in SEQ ID NOs: 46, 48, 50 and 52.

The term “FGF”, includes active fragments of the full-
length polypeptide. Active FGF fragments that are able to
bind to their corresponding FGF receptors are known in the
art and also contemplated for use in the present invention.
One skilled in the art would appreciate, based on the
sequences disclosed herein, that overlapping fragments of
the FGFs can be generated using standard recombinant
technology, for example, that described in Sambrook et al.
(1989, Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Laboratory Press, New York) and Ausubel et
al. (1997, Current Protocols in Molecular Biology, Green &
Wiley, New York). One skilled in the art would appreciate,
based on the disclosure presented herein, that the biological
activity of FGF fragments could be tested by methods well
known in the art and described herein, including binding to
the FGF receptor. Similarly, cell culture models which
possess the necessary FGF signal transduction machinery
(i.e. FGF receptor) may be transfected with FGF fragments
and subsequently tested for alterations in FGF signaling,
relative to wild type FGF.

FGFs are grouped into seven subfamilies based on the
homology of the FGF core homology domain (approxi-
mately 120 amino acids long), which is flanked by N- and
C-terminal sequences that are highly variable in both length
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and primary sequence, particularly among different FGF
subfamilies (Goetz et al., Molecular and Cellular Biology,
2007, Vol. 27, 3417-3428). An FGF active polypeptide
generally contains at least an FGF core homology domain.
In some embodiments, an FGF active polypeptide may
contain, in addition to an FGF core homology domain,
flanking sequences which may confer additional specificity
in binding FGF receptors. FGF19, FGF21, and FGF23 are
grouped in the FGF19 subfamily because the core region of
these ligands share high sequence identity relative to other
FGFs (FGF19 v. FGF21: 38% identity; FGF19 v. FGF23:
36% identity). FGF19 subfamily members act analogously
to signaling molecules of the endocrine system and regulate
diverse physiological processes uncommon to classical
FGFs (e.g., FGF19: energy and bile acid homeostasis;
FGF21: glucose and lipid metabolism; and FGF 23: phos-
phate and vitamin D homeostasis).

“Fibroblast growth factor receptor” and “FGFR” as used
herein refer to any one of FGFRs 1-4 known in the art, or
splice variants thereof (e.g., FGFR1c¢). Exemplary fibroblast
growth factor receptors suitable for use with the present
invention include fibroblast growth factor receptor-19 (e.g.,
FGFR4-beta Klotho), fibroblast growth factor receptor-21
(e.g., FGFR1c-alpha Klotho), and fibroblast growth factor
receptor-23 (e.g., FGFRI1c-alpha Klotho, FGFR3-alpha
Klotho, FGFR4-alpha Klotho).

“Extracellular domain”, as used herein, refers to the
fragment of a transmembrane protein existing outside of a
cell (e.g., not including the intracellular or transmembrane
region). The “extracellular domain of the Klotho protein”,
“soluble Klotho™, or “sKlotho” (e.g., SEQ ID NO: 7; SEQ
1D NO: 39), refers to an extracellular domain of the Klotho
polypeptide that is capable of binding a fibroblast growth
factor, and/or capable of enabling the binding of a fibroblast
growth factor to a fibroblast growth factor receptor by
binding to the fibroblast growth factor. The Klotho extra-
cellular domain corresponds to amino acid residues 28-982
of the full length alpha Klotho sequence (SEQ ID NO: 2)
and to amino acid residues 52-997 of the full length beta
Klotho sequence (SEQ ID NO:4).

“Extracellular subdomain of Klotho protein” and “extra-
cellular subdomain of Klotho protein™ are used interchange-
ably herein and shall refer to a region in the extracellular
domain of the Klotho polypeptide that is capable of binding
a fibroblast growth factor, and/or is capable of enabling the
binding of a fibroblast growth factor to a fibroblast growth
factor receptor by binding to the fibroblast growth factor. In
various embodiments, the fusion comprises a polypeptide
comprising at least one extracellular subdomain of a Klotho
protein; a polypeptide comprising a fibroblast growth factor;
and, optionally, a modified Fc fragment having decreased
affinity for Fc-gamma-receptor and/or increased serum half-
life. The Klotho extracellular domain has two homologous
subdomains that are repeated, i.e., KL.-D1 (SEQ ID NO: 5)
and KL-D2 (SEQ ID NO: 6). KL.-D1 and KL.-D2 correspond
respectively to amino acid residues 58-506 and 517-953 of
the full length alpha Klotho polypeptide (SEQ ID NO: 2)
and respectively to amino acid residues 77-508 and 571-967
of the full length beta Klotho polypeptide (SEQ ID NO:4)
and are suitable for use with the present invention. Gener-
ally, a polypeptide that contains at least one Klotho subdo-
main is a Klotho active polypeptide. The Klotho extracel-
Iular subdomain for use with the polypeptide of the
invention may be an alpha Klotho or beta Klotho KI.-D1
domain with an amino acid sequence that is substantially
identical to the amino acid sequence of SEQ ID NO: 5 or
SEQ ID NO: 37, respectively. Further, the Klotho KL.-D1
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domain may have an amino acid sequence that is at least
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or
more identical to the amino acid sequence of SEQ ID NO:
5 or SEQ ID NO: 37. The Klotho extracellular subdomain
may also be an alpha or beta Klotho polypeptide KL.-D2
domain that is substantially identical to the amino acid
sequence of SEQ ID NO: 6 or SEQ ID NO: 38, respectively.
In a further embodiment, the KIL.-D2 domain has an amino
acid sequence that is at least at least 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99% or more identical to the
amino acid sequence of SEQ ID NO: 6 or SEQ ID NO: 38.
In some embodiments, the fusion comprises at least two
extracellular subdomains of the Klotho protein (e.g., KL.-D1
and KI.-D2; KL-D1 and KL.-D1 in tandem repeats; KL.-D2
and KL-D2 in tandem repeats, etc.).

“Modified Fc fragment”, as used herein, shall mean an Fc
fragment of an antibody comprising a modified sequence.
The Fc fragment is a portion of an antibody comprising the
CH2, CH3 and part of the hinge region. The modified Fc
fragment can be derived from, for example, 1gG1, 1gG2,
1gG3, or 1gG4. FcLALA is a modified Fc fragment with a
LALA mutation (L.234A, 1L.235A), which triggers ADCC
with lowered efficiency, and binds and activates human
complement weakly. Hessell et al. 2007 Nature 449:101-
104. Additional modifications to the Fc fragment are
described in, for example, U.S. Pat. No. 7,217,798. For
example, in various modified Fc fragments: (a) amino acid
residue 250 is glutamic acid and amino acid residue 428 is
phenylalanine; or (b) amino acid residue 250 is glutamine
and amino acid residue 428 is phenylalanine; or (¢) amino
acid residue 250 is glutamine and amino acid residue 428 is
leucine. In some embodiments, amino acid residues 250 and
428 differ from the residues present in an unmodified
Fe-fusion protein by amino acid residue 250 being glutamic
acid or glutamine and amino acid residue 428 being leucine
or phenylalanine, and wherein amino acid residues are
numbered by the EU numbering system, as described in U.S.
Pat. No. 7,217,798. In some embodiments, the modified
Fe-fusion protein has a higher affinity for FcRn at pH 6.0
than at pH 8.0. Preferably, the modified Fc fragment has
decreased affinity to FcRn and/or increased serum half-life.
Non-limiting examples of modified Fc fragments include
that at aa (amino acids) 1234-1459 of SEQ ID NO: 47; aa
1234 to 1450 of SEQ ID NO: 49; aa 257 to 482 of SEQ ID
NO: 51; and aa 257 to 473 of SEQ ID NO: 53; and sequences
which are at least 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99% or more or 100% identical to these
sequences. Nucleotides encoding these sequences are pro-
vided in SEQ ID NOs: 46, 48, 50 and 52.

“Signal peptide”, as used herein, shall mean a peptide
chain (3-60 amino acids long) that directs the post-transla-
tional transport of a protein to the endoplasmic reticulum
and may be cleaved off. Exemplary signal peptides suitable
for use with the present invention include the Klotho signal
peptide (SEQ ID NO:19) and the 1gG signal peptide (SEQ
1D NO:20).

“Linker”, as used herein, shall mean a functional group
(e.g., chemical or polypeptide) that covalently attaches two
or more polypeptides or nucleic acids so that they are
connected with one another. As used herein, a “peptide
linker” refers to one or more amino acids used to couple two
proteins together (e.g., to couple the extracellular domain of
Klotho and fibroblast growth factor-23). Peptide linkers
suitable for use with the present invention include, but are
not limited to, polypeptides with amino acid sequences
represented by SEQ ID NO:8, SEQ ID NO:9, SEQ ID
NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13,



US 9,475,857 B2

15
SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ 1D
NO:17 and SEQ ID NO:18. A polypeptide linker can com-
prise at least 1 and up to about 30 repeats of any of these
amino acid sequences.

“Operatively linked”, as used herein, shall mean the
linking of two or more biomolecules so that the biological
functions, activities, and/or structure associated with the
biomolecules are at least retained. In reference to polypep-
tides, the term means that the linking of two or more
polypeptides results in a fusion polypeptide that retains at
least some of the respective individual activities of each
polypeptide component. The two or more polypeptides may
be linked directly or via a linker. In reference to nucleic
acids, the term means that a first polynucleotide is positioned
adjacent to a second polynucleotide that directs transcription
of'the first polynucleotide when appropriate molecules (e.g.,
transcriptional activator proteins) are bound to the second
polynucleotide.

“Specifically binds”, as used herein, shall refer to the
ability of a first molecule to bind to a target molecule out of
many, different types of molecules to which it may be
exposed because of the ability of the first molecule to adopt
a particular structure conducive to forming non-covalent
interactions between itself and the other target molecule.
The first molecule binds to the target forming a stable
complex while there is substantially less recognition, con-
tact, or complex formation of the first molecule with any
other non-specific molecules.

“Polypeptide variant” or “protein variant”, as used herein,
refers to polypeptides in which one or more amino acids
have been substituted by different amino acids from a
reference sequence. It is well understood in the art that some
amino acids may be substituted by others with broadly
similar properties without changing the nature of the activity
of the polypeptide (conservative substitutions) as described
hereinafter. These terms also encompass polypeptides in
which one or more amino acids have been added or deleted,
or replaced with different amino acids, e.g., protein iso-
forms. An exemplary variant of fibroblast growth factor-23
suitable for use with the present invention is the fibroblast
growth factor-23 variant (R179Q).

“Pharmaceutical composition”, as used herein, shall mean
a composition containing a compound (e.g., a fusion poly-
peptide of the invention) that may be administered to treat or
prevent a disease or disorder in an individual.

“Individual” or “subject”, as used herein, shall refer to a
mammal, including, but not limited to, a human or non-
human mammal, such as a bovine, equine, canine, ovine, or
feline.

“Treat”, as used herein, shall mean decrease, suppress,
attenuate, diminish, arrest, or stabilize the development or
progression of a disease. In the context of the invention, the
administration of the polypeptides of the invention may be
used to treat age-related conditions, including sarcopenia,
skin atrophy, muscle wasting, brain atrophy, atherosclerosis,
arteriosclerosis, pulmonary emphysema, osteoporosis,
osteoarthritis, immunologic incompetence, high blood pres-
sure, dementia, Huntington’s disease, Alzheimer’s disease,
cataracts, age-related macular degeneration, prostate cancer,
stroke, diminished life expectancy, memory loss, wrinkles,
impaired kidney function, and age-related hearing loss; and
metabolic disorders, including Type II Diabetes, Metabolic
Syndrome, hyperglycemia, and obesity.

“Prevent”, as used herein, shall refer to a decrease in the
occurrence of a disorder or decrease in the risk of acquiring
a disorder or its associated symptoms in a subject. In the
context of the invention, the administration of the polypep-
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tides of the invention may be used to prevent age-related
conditions, including sarcopenia, skin atrophy, muscle wast-
ing, brain atrophy, atherosclerosis, arteriosclerosis, pulmo-
nary emphysema, osteoporosis, osteoarthritis, immunologic
incompetence, high blood pressure, dementia, Huntington’s
disease, Alzheimer’s disease, cataracts, age-related macular
degeneration, prostate cancer, stroke, diminished life expec-
tancy, memory loss, wrinkles, impaired kidney function, and
age-related hearing loss; and metabolic disorders, including
Type 1I Diabetes, Metabolic Syndrome, hyperglycemia, and
obesity. The prevention may be complete, e.g., the total
absence of an age-related condition or metabolic disorder.
The prevention may also be partial, such that the likelihood
of the occurrence of the age-related condition or metabolic
disorder in a subject is less likely to occur than had the
subject not received the present invention.

“Disease”, as used herein, shall mean any condition or
disorder that damages or interferes with the normal function
of a cell, tissue, or organ.

“Age-related condition”, as used herein, shall mean any
disease or disorder whose incidence in a population or
severity in an individual correlates with the progression of
age. In one embodiment, the age-related condition is a
disease or disorder whose incidence is at least 1.5 fold
higher among human individuals greater than 60 years of
age relative to human individuals between the ages of 30-40
and in a selected population of greater than 100,000 indi-
viduals. Age-related conditions relevant to the present
invention include, but are not limited to, sarcopenia, skin
atrophy, muscle wasting, brain atrophy, atherosclerosis, arte-
riosclerosis, pulmonary emphysema, osteoporosis, osteoar-
thritis, immunologic incompetence, high blood pressure,
dementia, Huntington’s disease, Alzheimer’s disease, cata-
racts, age-related macular degeneration, prostate cancer,
stroke, diminished life expectancy, memory loss, wrinkles,
impaired kidney function, and age-related hearing loss.

“Metabolic disorder”, as used herein, shall mean any
disease or disorder that damages or interferes with normal
function in a cell, tissue, or organ by affecting the production
of energy in cells or the accumulation of toxins in a cell,
tissue, organ, or individual. Metabolic disorders relevant to
the present invention include, but are not limited to, Type 11
Diabetes, Metabolic Syndrome, hyperglycemia, and obesity.

An “effective dose” or “effective amount” is an amount
sufficient to effect a beneficial or desired clinical result. In
the context of the invention, it is an amount of a Klotho
fusion polypeptide or sKlotho effective to produce the
intended pharmacological, therapeutic or preventive result.
A therapeutically effective dose results in the prevention or
amelioration of the disorder or one or more symptoms of the
disorder, (e.g., an age-related condition or metabolic disor-
der). Therapeutically effective doses will vary depending
upon the subject and disease condition being treated, the
weight and age of the subject, the severity of the discase
condition, the manner of administration and the like which
can be readily be determined by one of ordinary skill in the
art.

“Klotho nucleic acid molecule”, as used herein is a gene
encoding a Klotho protein. An exemplary human Klotho
gene is provided at GenBank Accession No. NM_004795
(SEQ ID NO:1). Additional non-limiting examples of
Klotho are provided at aa 1-982 of SEQ ID NO:47 and aa
1-982 of SEQ ID NO: 49; and sequences which are at least
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or
more or 100% identical to these sequences.

“Fragment”, as used herein, refers to a portion of a
polypeptide or nucleic acid molecule. This portion contains,
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preferably, at least 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90% or more of the entire length of the reference
nucleic acid molecule or polypeptide. A fragment may
contain 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100, 200, 300,
400, 500, 600, 700, 800, 900, 1000 or up to 3000 nucleotides
or amino acids.

The term “substantially identical” refers to a polypeptide
or nucleic acid molecule exhibiting at least 50% identity to
a reference amino acid sequence (for example, any one of
the amino acid sequences described herein) or nucleic acid
sequence (for example, any one of the nucleic acid
sequences described herein). Preferably, such a sequence is
at least 60%, 70%, 75%, 80% or 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or more identical at
the amino acid level or nucleic acid to the sequence used for
comparison.

The present invention is directed to methods, kits and
compositions for preventing or treating age-related condi-
tions and metabolic disorders. In some embodiments, the
invention provides a fusion polypeptide having at least one
extracellular subdomain of a Klotho protein. In some
embodiments, the fusion polypeptides further comprise a
fibroblast growth factor or an active fragment thereof. In
some embodiments, the fusion further comprises a modified
Fc fragment having decreased affinity for Fc-gamma-recep-
tor and/or increased serum half-life. In other embodiments,
the fusion comprises an FGF (e.g., FGF19, FGF21, FGF23
or FGF23 variant R179Q) fused to a modified Fc (e.g.,
FcLLALA). FcLALA is a Fc fragment with a LAL A mutation
(L234A, 1.235A), which triggers ADCC with lowered effi-
ciency, and binds and activates human complement weakly.
The Klotho extracellular domain may be derived from either
the alpha or beta Klotho isoforms. Further, although the FGF
component of the Klotho fusion polypeptide is described
primarily with reference to fibroblast growth factor-19,
fibroblast growth factor-21 and fibroblast growth factor-23,
it is contemplated that any of the twenty-three known FGFs
or an active fragment thereof can be used in practicing the
invention.

The extracellular domain of the Klotho protein can
include one or both of the KL-D1 and KL-D2 domains of a
Klotho protein. In some embodiments, the Klotho fusion
polypeptide has at least two extracellular subdomains of a
Klotho protein. For example, the at least two extracellular
subdomains can be at least two KL-D1 domains in tandem
repeats, at least two KLL.-D2 domains in tandem repeats, or
at least one KL-D1 domain and at least one KL.-D2 domain.

The extracellular subdomain of a Klotho protein and the
fibroblast growth factor (or an active fragment thereof) can
be operatively linked to one another in a variety of orien-
tations and manners. For example, the extracellular subdo-
main of the Klotho protein can be operatively linked to the
N-terminus of the fibroblast growth factor or alternatively
the fibroblast growth factor can be operatively linked to the
N-terminus of the at least one extracellular subdomain of the
Klotho protein.

The fusion polypeptide of the invention may include one
or both of the Klotho extracellular domains, i.e., KL-D1
(SEQ ID NO: 5) and KL-D2 (SEQ ID NO: 6). KL-D1 and
KL-D2 correspond respectively to amino acid residues
58-506 and 517-953 of the full length alpha Klotho poly-
peptide (SEQ ID NO: 2) and to amino acid residues 77-508
and 571-967 of the full length beta Klotho polypeptide (SEQ
1D NO:4) and are suitable for use with the present invention.
The Klotho fusion polypeptide may have a KL.-D1 domain
of an alpha Klotho polypeptide having an amino acid
sequence that is substantially identical to the amino acid
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sequence of SEQ ID NO: 5 or of a beta Klotho polypeptide
having an amino acid sequence that is substantially identical
to the amino acid sequence of SEQ ID NO: 37. Specifically,
the Klotho fusion polypeptide may have an amino acid
sequence that is at least at least 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99% or more identical to SEQ ID
NO: 5 or SEQ ID NO: 37. The Klotho fusion polypeptide
may have a KI[.-D2 domain of an alpha Klotho polypeptide
with an amino acid sequence that is substantially identical to
the amino acid sequence of SEQ ID NO: 6 or of a beta
Klotho polypeptide having an amino acid sequence that is
substantially identical to the amino acid sequence of SEQ ID
NO: 38. Specifically, the Klotho fusion polypeptide may
have an amino acid sequence that is at least at least 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or more
identical to SEQ ID NO: 6 or SEQ ID NO: 38, respectively.

In some embodiments, the Klotho fusion polypeptide of
the invention is soluble and is capable of binding to an FGF
receptor.

The Klotho fusion polypeptides of the invention can
contain a polypeptide linker which connects the polypeptide
having at least one extracellular subdomain of a Klotho
protein and the fibroblast growth factor and the (optional)
modified Fc fragment. Suitable linkers are well known in the
art and generally contain several Gly and several Ser resi-
dues, e.g., (Gly, Ser); (SEQ ID NO: 11), Gly, Ser polypep-
tide (SEQ ID NO: 12), Gly (SEQ ID NO: 13), Gly Gly (SEQ
ID NO: 14), Gly Ser (SEQ ID NO: 15), Gly, Ser (SEQ ID
NO: 16), Ala (SEQ ID NO: 17), and Ala Ala (SEQ ID NO:
18). In some embodiments, the linker will have at least 2 and
up to about 30 repeats of an amino acid sequence repre-
sented by any one of SEQ ID NO:12, SEQ ID NO:13, SEQ
1D NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17,
or SEQ ID NO:18.

When a polypeptide linker is present in the Klotho fusion
polypeptide of the invention, the polypeptide having at least
one extracellular subdomain of a Klotho protein may be
connected by a peptide bond to the N-terminus of the linker
polypeptide with the FGF connected by a peptide bond to the
C-terminus of the polypeptide linker. Alternatively, the FGF
may be connected by a peptide bond to the N-terminus of the
linker polypeptide with the polypeptide having at least one
extracellular subdomain of Klotho connected by a peptide
bond to the C-terminus of the polypeptide linker A chemical
linker can also be used to link the two polypeptides.

The Klotho fusion polypeptide of the invention may
include a signal peptide. Exemplary signal peptides for use
with the Klotho fusion polypeptide include, but are not
limited to the Klotho signal peptide (SEQ ID NO: 8) and the
IgG signal peptide (SEQ ID NO: 9).

In some embodiments, the invention provides a fusion
between a FGF (e.g., FGF19, FGF21, FGF23, or FGF23
variant R179Q) and a modified Fc (e.g., FcLALA). The
fusion can also optionally comprise linkers between the FGF
and Fc portions. The fusion can also optionally comprise a
signal peptide. In various embodiments, the invention
encompasses nucleic acids encoding these fusion polypep-
tides, vectors comprising these nucleic acids, and host cells
containing these nucleic acids.

4.1. Klotho and Fibroblast Growth Factor Polypeptides

The Klotho fusion polypeptides of the invention are
expected to exhibit biological activities comparable to FGF
in nature, such as binding to an FGF receptor and inducing
the phosphorylation of an FGF receptor, FRS2 (FGF recep-
tor substrate 2) and ERK1/2 (extracellular signal-regulated
protein kinase 1/2) and activating Egr-1 (early growth
response-1) gene. FGF is a secreted peptide growth factor
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that binds the FGF receptor. The amino acid and nucleic acid
sequences of FGF are readily available to those of skill in the
art. For example, exemplary nucleotide sequences for
FGF19, FGF21, and FGF23 can be found in the GenBank
database at Accession numbers: NM_005117, NM_019113,
and NM_020638, respectively, and herein as SEQ ID NOs:
30, 32, and 34, respectively. Exemplary amino sequences for
FGF19, FGF21, and FGF23 can be found in the GenBank
database at Accession numbers: NP_005108, NP_061986,
and NP_065689, respectively, and herein as SEQ ID NOs:
31, 35, and 35, respectively. Additionally, FGF may include
one or more alterations which aid in the expression of the
protein, e.g., the FGF23 (R179Q) variant (SEQ ID NO: 36).

The Klotho protein is a 130 kDa single pass type I
transmembrane protein with an extracellular domain and a
short cytoplasmic domain. The amino acid and nucleic acid
sequences of Klotho are readily available to those of skill in
the art. For example, exemplary nucleotide sequences for
alpha-Klotho and beta-Klotho can be found in the GenBank
database at Accession numbers: NM_004795 and
NM_175737, respectively, and herein as SEQ ID NOs: 7 and
8, respectively. Exemplary amino acid sequences for alpha-
Klotho and beta-Klotho can be found in the GenBank
database at Accession numbers: NP_004786 and
NP_783864, respectively, and herein as SEQ ID NOs: 2 and
4, respectively.

The Klotho fusion polypeptide of the invention can bind
to a fibroblast growth factor receptor and has an alpha-
Klotho or beta-Klotho extracellular domain operatively
linked to either fibroblast growth factor-19 (SEQ ID NO:
31), fibroblast growth factor-21 (SEQ ID NO: 33), fibroblast
growth factor-23 (SEQ ID NO: 35), or variants thereof
(which include fibroblast growth factor-23 variant (R179Q)
(SEQ ID NO: 36)).

Specifically, the Klotho fusion polypeptide of the inven-
tion may include an alpha-Klotho (SEQ ID NO: 2) which is
operatively coupled to fibroblast growth factor-23 (SEQ ID
NO: 35) or fibroblast growth factor-23 variant (R179Q)
(SEQ ID NO: 36). Additionally, the Klotho fusion polypep-
tide of the invention may have beta-Klotho (SEQ ID NO: 4),
which is operatively coupled to fibroblast growth factor-19
(SEQ ID NO: 31). The Klotho fusion polypeptide of the
invention may include a beta-Klotho (SEQ ID NO: 4), which
is operatively coupled to fibroblast growth factor-21 (SEQ
ID NO: 33).

The invention includes homologs of the various Klotho
and FGF genes and proteins encoded by those genes. A
“homolog,” in reference to a gene refers to a nucleotide
sequence that is substantially identical over at least part of
the gene or to its complementary strand or a part thereof,
provided that the nucleotide sequence encodes a protein that
has substantially the same activity/function as the protein
encoded by the gene which it is a homolog of Homologs of
the genes described herein can be identified by percent
identity between amino acid or nucleotide sequences for
putative homologs and the sequences for the genes or
proteins encoded by them (e.g., nucleotide sequences for
genes encoding Klotho and FGF or their complementary
strands). Percent identity may be determined, for example,
by visual inspection or by using various computer programs
known in the art or as described herein. Sequence identity is
typically measured using sequence analysis software (for
example, Sequence Analysis Software Package of the
Genetics Computer Group, University of Wisconsin Bio-
technology Center, 1710 University Avenue, Madison, Wis.
53705, BLAST, BESTFIT, GAP, or PILEUP/PRETTYBOX
programs). Such software matches identical or similar
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sequences by assigning degrees of homology to various
substitutions, deletions, and/or other modifications. Conser-
vative substitutions typically include substitutions within the
following groups: glycine, alanine; valine, isoleucine, leu-
cine; aspartic acid, glutamic acid, asparagine, glutamine;
serine, threonine; lysine, arginine; and phenylalanine, tyro-
sine. In an exemplary approach to determining the degree of
identity, a BLAST program may be used, with a probability
score between e™> and e~'°° indicating a closely related
sequence.

As used herein, the terms “homology” and “homologous”
are not limited to designate proteins having a theoretical
common genetic ancestor, but includes proteins which may
be genetically unrelated that have, nonetheless, evolved to
perform similar functions and/or have similar structures.
Functional homology to the various proteins described
herein also encompasses proteins that have an activity of the
corresponding protein of which it is a homolog. For proteins
to have functional homology, it is not required that they have
significant identity in their amino acid sequences, but, rather,
proteins having functional homology are so defined by
having similar or identical activities. For example, with
respect to a Klotho molecule, the polypeptide should have
the functional characteristics of binding to an FGF polypep-
tide and enable the binding of the FGF to an FGFR. With
respect to an FGF molecule, the polypeptide should have the
functional characteristics of binding to an FGFR and causing
the activation of FGFR (e.g., phosphorylation). Assays for
assessing FGF binding to the FGF receptor and/or activation
of the FGF signaling pathway are known in the art and
described herein (See Example 2). Assays for assessing
Klotho activity are also known in the art and described
herein (e.g., binding to a FGF polypeptide). Proteins with
structural homology are defined as having analogous tertiary
(or quaternary) structure and do not necessarily require
amino acid identity or nucleic acid identity for the genes
encoding them. In certain circumstances, structural
homologs may include proteins which maintain structural
homology only at the active site or binding site of the
protein.

In addition to structural and functional homology, the
present invention further encompasses proteins having
amino acid identity to the various Klotho and FGF amino
acid sequences described herein. To determine the percent
identity/homology of two amino acid sequences, the
sequences are aligned for optimal comparison purposes
(e.g., gaps can be introduced in the amino acid sequence of
one protein for optimal alignment with the amino acid
sequence of another protein). The amino acid residues at
corresponding amino acid positions are then compared.
When a position in one sequence is occupied by the same
amino acid residue as the corresponding position in the
other, then the molecules are identical at that position. The
percent identity between the two sequences is a function of
the number of identical positions shared by the sequences
(i.e., % identity=# of identical positions/total # of positions
multiplied by 100).

The amino acid sequences of molecules of the invention
described herein have an amino acid sequence which is at
least about 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%,
99% or more identical or homologous to an amino acid
sequence described herein.

The nucleic acid sequences of molecules of the invention
described herein have a nucleotide sequence which hybrid-
izes to or is at least about 60%, 70%, 80%, 90%, 95%, 96%,
97%, 98%, 99% or more identical or homologous to a
nucleotide sequence described herein.
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Nucleic acid molecules appropriate for use in the fusion
polypeptides of the invention may have a Klotho or FGF
nucleotide sequence which hybridizes under stringent con-
ditions to the complement of a nucleic acid molecule encod-
ing Klotho or FGF, respectively. As used herein, the term
“hybridizes under stringent conditions” is intended to
describe conditions for hybridization and washing under
which nucleotide sequences at least about 70%, 80%, 85%,
90% or more homologous to each other typically remain
hybridized to each other. Such stringent conditions are
known to those skilled in the art and can be found in Ausubel
et al. Current Protocols in Molecular Biology, Wiley Inter-
science, New York (2001), 6.3.1-6.3.6. A specific, non-
limiting example of stringent hybridization conditions are
hybridization in 6x sodium chloride/sodium citrate (SSC) at
about 45° C., followed by one or more washes in 0.2xSSC,
0.1% SDS at 50-65° C.

4.2. Klotho-FGF Fusion Polypeptides of the Invention

In some embodiments of the invention, a Klotho fusion
polypeptide has a polypeptide chain having a first polypep-
tide sequence of a Klotho polypeptide or an active fragment
thereof and a second polypeptide sequence encoding FGF or
an active fragment thereof. In some embodiments, the fusion
further comprises a modified Fc fragment having decreased
affinity for Fc-gamma-receptor and/or increased serum half-
life.

The invention includes fusion polypeptides which are at
least about 95% or more homologous to an amino acid
sequence presented in SEQ ID NO:19-28. The amino acid
sequence of SEQ ID NO: 19 encodes a Klotho fusion
polypeptide having a Klotho extracellular domain N-termi-
nally linked to the FGF23 (R179Q) variant (SEQ ID NO:
36). The amino acid sequence of SEQ ID NO: 20 encodes a
Klotho fusion polypeptide having an IgG signal peptide
N-terminally linked to a Klotho extracellular domain lacking
a signal peptide N-terminally linked to the FGF23 (R179Q)
variant. The amino acid sequence of SEQ ID NO: 21
encodes a Klotho fusion polypeptide having a KL.-D1 extra-
cellular subdomain N-terminally linked to the FGF23
(R179Q) variant. The amino acid sequence of SEQ ID NO:
22 encodes a Klotho fusion polypeptide having a KL-D2
extracellular subdomain N-terminally linked to the FGF23
(R179Q) variant. The amino acid sequence of SEQ ID NO:
23 encodes a Klotho fusion polypeptide having two KI.-D1
extracellular subdomains N-terminally linked to the FGF23
(R179Q) variant. The amino acid sequence of SEQ ID NO:
24 encodes a Klotho fusion polypeptide having two KL-D2
extracellular subdomains N-terminally linked to the FGF23
(R179Q) variant. The amino acid sequence of SEQ ID NO:
25 encodes a Klotho fusion polypeptide having the FGF23
(R179Q) variant N-terminally linked to a Klotho extracel-
Iular domain. The amino acid sequence of SEQ ID NO: 26
encodes a Klotho fusion polypeptide having the FGF23
(R179Q) variant N-terminally linked to a KI.-D1 extracel-
Iular subdomain. The amino acid sequence of SEQ ID NO:
27 encodes a Klotho fusion polypeptide having the FGF23
(R179Q) variant N-terminally linked to a KI.-D2 extracel-
Iular subdomain. The amino acid sequence of SEQ ID NO:
28 encodes a Klotho fusion polypeptide having the FGF23
(R179Q) variant N-terminally linked to two KL-D1 extra-
cellular subdomains. The amino acid sequence of SEQ ID
NO: 29 encodes a Klotho fusion polypeptide having the
FGF23 (R179Q) variant N-terminally linked to two KL-D2
extracellular subdomains. In some embodiments, the fusion
further comprises a modified Fc fragment having decreased
affinity for Fc-gamma-receptor and/or increased serum half-
life.
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The Klotho fusion polypeptide of the invention may
include an amino acid sequence which is at least about 95%
identical to the amino acid sequence set forth in SEQ ID
NO:7. The amino acid sequence of SEQ ID NO: 7 encodes
a Klotho extracellular domain lacking a signal peptide. In
some embodiments, the fusion further comprises a modified
Fc fragment having decreased affinity for Fc-gamma-recep-
tor and/or increased serum half-life.

The subject fusion proteins are described herein and can
be made using methods known in the art. For example, the
fusion polypeptides of the invention may be constructed as
described in U.S. Pat. No. 6,194,177. The use of Klotho
polypeptides is described in U.S. Pat. No. 6,579,850. The
use of FGF nucleic acid molecules is described in U.S. Pat.
No. 7,223,563.

In some embodiments, a nucleic acid molecule encoding
the Klotho is cloned by PCR and ligated, in frame, with a
nucleic acid molecule encoding FGF. In some embodiments,
the fusion further comprises a modified Fc fragment having
decreased affinity for Fc-gamma-receptor and/or increased
serum half-life. The nucleic acid encoding the fusion poly-
peptide is operatively linked to a promoter to allow for
expression. The nucleic acid molecule encoding the fusion
polypeptide is subsequently transfected into a host cell for
expression. The sequence of the final construct can be
confirmed by sequencing.

When preparing the fusion proteins of the present inven-
tion, a nucleic acid molecule encoding an extracellular
subdomain of Klotho will be fused in frame to the nucleic
acid molecule encoding FGF and the (optional) nucleic acid
encoding the modified Fc fragment. Expression of the result-
ing nucleic acid molecule results in the extracellular subdo-
main of Klotho being fused N-terminal in relation to the
FGF polypeptide. Fusions are also possible in which the
extracellular subdomain of Klotho is fused C-terminal in
relation to the FGF polypeptide. Methods for making fusion
proteins are well known in the art.

The fusion polypeptides of the invention have at least two
polypeptides that are covalently linked, in which one poly-
peptide comes from one protein sequence or domain, e.g.,
Klotho, and the other polypeptide comes from another
protein sequence or domain, e.g., FGF. In some embodi-
ments, the fusion further comprises a modified Fc fragment
having decreased affinity for Fc-gamma-receptor and/or
increased serum half-life. In another embodiment, the inven-
tion comprises a FGF fused to a modified Fc fragment.
Klotho and/or FGF and/or the (optional) modified Fc frag-
ment, of the fusion polypeptides of the invention, can be
joined by methods well known to those of skill in the art.
These methods include both chemical and recombinant
means.

Nucleic acids encoding the domains to be incorporated
into the fusion polypeptides of the invention can be obtained
using routine techniques in the field of recombinant genet-
ics. Basic texts disclosing the general methods of use in this
invention include Sambrook and Russell, Molecular Clon-
ing, A Laboratory Manual (3rd ed. 2001); Kriegler, Gene
Transfer and Expression: A Laboratory Manual (1990); and
Current Protocols in Molecular Biology (Ausubel et al., eds.,
1994-1999). In nucleic acids encoding a Klotho fusion
polypeptide of the invention, the nucleic acid sequence
encoding alpha-Klotho or beta-Klotho, represented by SEQ
ID NO: 1 and SEQ ID NO: 3, respectively, may be used. In
nucleic acids encoding a Klotho fusion polypeptide, the
nucleic acid sequence encoding FGF19, FGF21, or FGF23,
represented by SEQ ID NO: 30, SEQ ID NO: 32 and SEQ
ID NO: 34, respectively, may be used. Nucleic acid
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sequences of molecules of the invention described herein
comprise a nucleotide sequence which hybridizes to or is at
least about 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%,
99% or more identical or homologous to SEQ ID NO: 1,
SEQ ID NO:3, SEQ ID NO: 30, SEQ ID NO: 32, or SEQ ID
NO: 34.

Nucleic acid sequences that encode the various compo-
nents of the fusion [Klotho, and/or FGF peptide and/or the
(optional) modified Fc fragment] can be obtained using any
of a variety of methods. For example, the nucleic acid
sequences encoding the polypeptides may be cloned from
c¢DNA and genomic DNA libraries by hybridization with
probes, or isolated using amplification techniques with oli-
gonucleotide primers. More commonly, amplification tech-
niques are used to amplify and isolate the Klotho and FGF
sequences using a DNA or RNA template (see, e.g., Dief-
fenfach & Dveksler, PCR Primers: A Laboratory Manual
(1995)). Alternatively, overlapping oligonucleotides can be
produced synthetically and joined to produce one or more of
the domains. Nucleic acids encoding Klotho or FGF can also
be isolated from expression libraries using antibodies as
probes.

According to the present invention, the various compo-
nents of the fusion [Klotho, and/or, FGF and/or the (op-
tional) modified Fc fragment| can be linked either directly or
via a covalent linker, including amino acid linkers, such as
a polyglycine linker, or another type of chemical linker,
including, carbohydrate linkers, lipid linkers, fatty acid
linkers, polyether linkers, such as PEG, etc. (See for
example, Hermanson, Bioconjugate techniques (1996)). The
polypeptides forming the fusion/fusion polypeptide are typi-
cally linked C-terminus to N-terminus, although they can
also be linked C-terminus to C-terminus, N-terminus to
N-terminus, or N-terminus to C-terminus. One or more
polypeptide domains may be inserted at an internal location
within a fusion polypeptide of the invention. The polypep-
tides of the fusion protein can be in any order. The fusion
polypeptides may be produced by covalently linking a chain
of amino acids from one protein sequence, e.g., an extra-
cellular subdomain of Klotho, to a chain of amino acids from
another protein sequence, e.g., FGF, by preparing a recom-
binant polynucleotide contiguously encoding the fusion pro-
tein. The different chains of amino acids in a fusion protein
may be directly spliced together or may be indirectly spliced
together via a chemical linking group or an amino acid
linking group. The amino acid linking group can be about
200 amino acids or more in length, or generally 1 to 100
amino acids. In some embodiments, proline residues are
incorporated into the linker to prevent the formation of
significant secondary structural elements by the linker. Link-
ers can often be flexible amino acid subsequences that are
synthesized as part of a recombinant fusion protein. Such
flexible linkers are known to persons of skill in the art.

According to the present invention, the amino acid
sequences of the fusion [an extracellular subdomain of
Klotho and/or the FGF and/or the (optional) modified Fc
fragment] may be linked via a peptide linker. Exemplary
peptide linkers are well known in the art and described
herein. For example, peptide linkers generally include sev-
eral Gly and several Ser residues, such as: (Gly, Ser), (SEQ
1D NO: 11), Gly, Ser polypeptide (SEQ ID NO: 12), Gly
(SEQ ID NO: 13), Gly Gly (SEQ ID NO: 14), Gly Ser (SEQ
ID NO: 15), Gly, Ser (SEQ ID NO: 16), Ala (SEQ ID NO:
17), and Ala Ala (SEQ ID NO: 18). Specifically, a peptide
linker for use in a fusion protein of the invention may act as
a flexible hinge.
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The signal sequence of Klotho or FGF may be excluded
prior to incorporation of Klotho into a fusion protein of the
invention. The signal sequence for Klotho or FGF of the
fusion protein may be included, e.g., the polypeptide rep-
resented by SEQ ID NO: 19. However, such sequences may
also be omitted and replaced with the signal sequence of a
different protein, e.g., the IgG signal sequence (SEQ ID NO:
9). Generally, the pharmaceutical compositions of the inven-
tion will contain the mature form of Klotho and FGF.

Generally, introns are excluded from either one or both
the Klotho or the FGF moieties prior to incorporation into a
fusion polypeptide.

The fusion polypeptides of the invention may include one
or more polymers covalently attached to one or more
reactive amino acid side chains. By way of example, not
limitation, such polymers include polyethylene glycol
(PEG), which can be attached to one or more free cysteine
sulthydryl residues, thereby blocking the formation of dis-
ulfide bonds and aggregation when the protein is exposed to
oxidizing conditions. In addition, PEGylation of the fusion
polypeptides of the invention is expected to provide such
improved properties as increased half-life, solubility, and
protease resistance. The fusion polypeptides of the invention
may alternatively be modified by the covalent addition of
polymers to free amino groups such as the lysine epsilon or
the N-terminal amino group. Preferred cysteines and lysines
for covalent modification will be those not involved in
receptor binding, heparin binding, or in proper protein
folding. It will be apparent to one skilled in the art that the
methods for assaying the biochemical and/or biological
activity of the fusion polypeptides may be employed in order
to determine if modification of a particular amino acid
residue affects the activity of the protein as desired. Other
similar suitable modifications are contemplated and known
in the art.

The invention is also directed to the expression of a fusion
polypeptide that is at least about 95% or more homologous
to an amino acid sequence presented in SEQ ID NO:19-28.
4.3. Expression of Fusion Polypeptides of the Invention

In order to express the fusion protein of the invention,
DNA molecules obtained by any of the methods described
herein or those that are known in the art, can be inserted into
appropriate expression vectors by techniques well known in
the art. For example, a double stranded cDNA can be cloned
into a suitable vector by homopolymeric tailing or by
restriction enzyme linking involving the use of synthetic
DNA linkers or by blunt-ended ligation. DNA ligases are
usually used to ligate the DNA molecules and undesirable
joining can be avoided by treatment with alkaline phos-
phatase.

Therefore, the invention includes vectors (e.g., recombi-
nant plasmids and bacteriophages) that include nucleic acid
molecules (e.g., genes or recombinant nucleic acid mol-
ecules encoding genes) as described herein. The term
“recombinant vector” includes a vector (e.g., plasmid,
phage, phasmid, virus, cosmid, fosmid, or other purified
nucleic acid vector) that has been altered, modified or
engineered such that it contains greater, fewer or different
nucleic acid sequences than those included in the native or
natural nucleic acid molecule from which the recombinant
vector was derived. For example, a recombinant vector may
include a nucleotide sequence encoding a Klotho-FGF23
fusion operatively linked to regulatory sequences, e.g., pro-
moter sequences, terminator sequences and/or artificial ribo-
some binding sites (RBSs), as defined herein. Recombinant
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vectors which allow for expression of the genes or nucleic
acids included in them are referred to as “expression vec-
tors.”

For eukaryotic hosts, different transcriptional and trans-
lational regulatory sequences may be employed, depending
on the nature of the host. They may be derived from viral
sources, such as adenovirus, bovine papilloma virus, Simian
virus or the like, where the regulatory signals are associated
with a particular gene which has a high level of expression.
Examples include, but are not limited to, the TK promoter of
the Herpes virus, the SV40 early promoter, the yeast gal4
gene promoter, etc. Transcriptional initiation regulatory sig-
nals may be selected which allow for repression or activa-
tion, so that expression of the genes can be modulated.

In some of the molecules of the invention described
herein, one or more DNA molecules having a nucleotide
sequence encoding one or more polypeptide chains of a
fusion polypeptide are operatively linked to one or more
regulatory sequences, which are capable of integrating the
desired DNA molecule into a host cell. Cells which have
been stably transformed by the introduced DNA can be
selected, for example, by introducing one or more markers
which allow for selection of host cells which contain the
expression vector. A selectable marker gene can either be
linked directly to a nucleic acid sequence to be expressed, or
be introduced into the same cell by co-transfection. Addi-
tional elements may also be needed for optimal synthesis of
proteins described herein. It would be apparent to one of
ordinary skill in the art which additional elements to use.

Factors of importance in selecting a particular plasmid or
viral vector include, but are not limited to, the ease with
which recipient cells that contain the vector are recognized
and selected from those recipient cells which do not contain
the vector; the number of copies of the vector which are
desired in a particular host; and whether it is desirable to be
able to “shuttle” the vector between host cells of different
species.

Once the vector(s) is constructed to include a DNA
sequence for expression, it may be introduced into an
appropriate host cell by one or more of a variety of suitable
methods that are known in the art, including but not limited
to, for example, transformation, transfection, conjugation,
protoplast fusion, electroporation, calcium phosphate-pre-
cipitation, direct microinjection, etc.

Host cells may either be prokaryotic or eukaryotic.
Examples of eukaryotic host cells include, for example,
mammalian cells, such as human, monkey, mouse, and
Chinese hamster ovary (CHO) cells. Such cells facilitate
post-translational modifications of proteins, including, for
example, correct folding or glycosylation. Additionally,
yeast cells can also be used to express fusion polypeptides
of'the invention. [.ike most mammalian cells, yeast cells also
enable post-translational modifications of proteins, includ-
ing, for example, glycosylation. A number of recombinant
DNA strategies exist which utilize strong promoter
sequences and high copy number plasmids that can be
utilized for production of proteins in yeast. Yeast transcrip-
tion and translation machinery can recognize leader
sequences on cloned mammalian gene products, thereby
enabling the secretion of peptides bearing leader sequences
(i.e., pre-peptides). A particularly preferred method of high-
yield production of the fusion polypeptides of the invention
is through the use of dihydrofolate reductase (DHFR) ampli-
fication in DHFR-deficient CHO cells, by the use of suc-
cessively increasing levels of methotrexate as described in
U.S. Pat. No. 4,889,803. The polypeptide obtained may be
in a glycosylated form.
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After the introduction of one or more vector(s), host cells
are usually grown in a selective medium, which selects for
the growth of vector-containing cells. Purification of the
recombinant proteins can be carried out by any of the
methods known in the art or described herein, for example,
any conventional procedures involving extraction, precipi-
tation, chromatography and electrophoresis. A further puri-
fication procedure that may be used for purifying proteins is
affinity chromatography using monoclonal antibodies which
bind a target protein. Generally, crude preparations contain-
ing a recombinant protein are passed through a column on
which a suitable monoclonal antibody is immobilized. The
protein usually binds to the column via the specific antibody
while the impurities pass through. After washing the col-
umn, the protein is eluted from the gel by changing pH or
ionic strength, for example.

4.4. Assays for Assessing Fusion Polypeptide Activity

Assays described herein (See Example 2) and those
known in the art can be used for detecting Klotho or FGF
activity of the fusion polypeptides of the invention. Suitable
activity assays include receptor binding assays, cellular
proliferation assays and cell signaling assays. For example,
a binding assay which may be used for determining whether
a fusion polypeptide has Klotho or FGF activity includes,
assaying the binding of a fusion polypeptide to an FGF
receptor. FGF receptor binding assays include, but are not
limited to, both competitive and non-competitive assay. For
example, FGF receptor binding can be detected by contact-
ing cells expressing an FGF receptor with a labeled FGF (for
example, radio-active label) and increasing concentrations
of an unlabeled Klotho-FGF fusion polypeptide. The two
ligands that compete for binding to the same receptor are
added to a reaction mixture containing the cell. The cells are
subsequently washed and labeled FGF is measured. A
decrease in the amount of the labeled FGF to its receptor in
the presence of the unlabeled fusion polypeptide is indica-
tive of binding of the Klotho-FGF fusion polypeptide to the
receptor. Alternatively, the Klotho-FGF fusion polypeptide
may be labeled and direct binding of the fusion polypeptide
to the cell is detected.

Klotho or FGF activity can also be measured by deter-
mining whether the fusion polypeptide induces a cellular
response. For example, in some embodiments, an assay for
detecting the biological activity of a Klotho-FGF fusion
polypeptide involves contacting cells which express an FGF
receptor with a fusion polypeptide, assaying a cellular
response such as, for example, cell proliferation or Egr-1
activation, myotube diameter in C2C12 cells, and comparing
the cellular response in the presence and absence of the
fusion polypeptide. An increase in the cellular response in
the presence of the fusion polypeptide complex relative to
the absence indicates that the fusion polypeptide has bio-
logical activity. Also, an increase in a downstream signaling
event from the receptor can also be measured as indicia of
biological activity (e.g., phosphorylation of FGFR, FRS2,
ERK1/2, p70S6K etc.).

4.5 Pharmaceutical Compositions and Methods of Treatment

The invention also pertains to pharmaceutical composi-
tions containing one or more fusion polypeptides of the
invention and a pharmaceutically acceptable diluent or car-
rier. The pharmaceutical compositions can further include a
pharmaceutically effective dose of heparin. Such pharma-
ceutical compositions may be included in a kit or container.
Such kit or container may be packaged with instructions
pertaining to the extended in vivo half-life or the in vitro
shelf life of the fusion polypeptides. Optionally associated
with such kit or container(s) can be a notice in the form
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prescribed by a governmental agency regulating the manu-
facture, use or sale of pharmaceuticals or biological prod-
ucts, which notice reflects approval by the agency of manu-
facture, use or sale for human administration. Such
compositions may be used in methods of treating, prevent-
ing, or ameliorating a disease or a disease symptom (e.g.,
age-related condition or metabolic disorder) in a patient,
preferably a mammal and most preferably a human, by
administering the pharmaceutical composition to the patient.

In general, a therapeutically effective amount of a phar-
maceutical composition of the invention is from about
0.0001 mg/kg to 0.001 mg/kg; 0.001 mg/kg to about 10
mg/kg body weight or from about 0.02 mg/kg to about 5
mg/kg body weight. Commonly, a therapeutically effective
amount of a fusion polypeptide is from about 0.001 mg to
about 0.01 mg, about 0.01 mg to about 100 mg, or from
about 100 mg to about 1000 mg, for example. Preferably, a
therapeutically effective amount of a fusion polypeptide is
from about 0.001 mg/kg to 2 mg/kg.

The optimal pharmaceutical formulations for a fusion
polypeptide can be determined by one or ordinary skilled in
the art depending upon the route of administration and
desired dosage. (See, for example, Remington’s Pharmaceu-
tical Sciences, 18th Ed. (1990), Mack Publishing Co., Eas-
ton, Pa., the entire disclosure of which is hereby incorpo-
rated by reference).

The fusion polypeptides of the invention may be admin-
istered as a pharmaceutical composition that may be in the
form of a solid, liquid or gas (aerosol). Typical routes of
administration may include, without limitation, oral, topical,
parenteral, sublingual, rectal, vaginal, intradermal and intra-
nasal. Parenteral administration includes subcutaneous
injections, intravenous, intramuscular, intraperitoneal, intra-
pleural, intrasternal injection or infusion techniques. Pref-
erably, the compositions are administered parenterally. More
preferably, the compositions are administered intravenously.
Pharmaceutical compositions of the invention can be for-
mulated so as to allow a polypeptide of the invention to be
bioavailable upon administration of the composition to a
subject. Compositions can take the form of one or more
dosage units, where, for example, a tablet can be a single
dosage unit, and a container of a polypeptide of the inven-
tion in aerosol form can hold a plurality of dosage units.

Materials used in preparing the pharmaceutical composi-
tions can be non-toxic in the amounts used. It will be evident
to those of ordinary skill in the art that the optimal dosage
of'the active ingredient(s) in the pharmaceutical composition
will depend on a variety of factors. Relevant factors include,
without limitation, the type of subject (e.g., human), the
overall health of the subject, the type of age-related condi-
tion or metabolic disorder the subject in need of treatment
of, the use of the composition as part of a multi-drug
regimen, the particular form of the polypeptide of the
invention, the manner of administration, and the composi-
tion employed.

The pharmaceutically acceptable carrier or vehicle may
be particulate, so that the compositions are, for example, in
tablet or powder form. The carrier(s) can be liquid, with the
compositions being, for example, an oral syrup or injectable
liquid. In addition, the carrier(s) can be gaseous, so as to
provide an aerosol composition useful in, e.g., inhalatory
administration.

The term “carrier” refers to a diluent, adjuvant or excipi-
ent, with which a polypeptide of the invention is adminis-
tered. Such pharmaceutical carriers can be liquids, such as
water and oils, including those of petroleum, animal, veg-
etable or synthetic origin, such as peanut oil, soybean oil,
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mineral oil, sesame oil and the like. The carriers can be
saline, gum acacia, gelatin, starch paste, talc, keratin, col-
loidal silica, urea, and the like. In addition, auxiliary, stabi-
lizing, thickening, lubricating and coloring agents can be
used. In one embodiment, when administered to a subject,
the polypeptides of the invention and pharmaceutically
acceptable carriers are sterile. Water is a preferred carrier
when the polypeptide of the invention is administered intra-
venously. Saline solutions and aqueous dextrose and glyc-
erol solutions can also be employed as liquid carriers,
particularly for injectable solutions. Suitable pharmaceutical
carriers also include excipients such as starch, glucose,
lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel,
sodium stearate, glycerol monostearate, talc, sodium chlo-
ride, dried skim milk, glycerol, propylene, glycol, water,
ethanol and the like. The present compositions, if desired,
can also contain minor amounts of wetting or emulsifying
agents, or pH buffering agents.

The composition may be intended for oral administration,
and if so, the composition is preferably in solid or liquid
form, where semi-solid, semi-liquid, suspension and gel
forms are included within the forms considered herein as
either solid or liquid.

As a solid composition for oral administration, the com-
position can be formulated into a powder, granule, com-
pressed tablet, pill, capsule, chewing gum, wafer or the like
form. Such a solid composition typically contains one or
more inert diluents. In addition, one or more of the following
can be present: binders such as ethyl cellulose, carboxym-
ethylcellulose, microcrystalline cellulose, or gelatin; excipi-
ents such as starch, lactose or dextrins, disintegrating agents
such as alginic acid, sodium alginate, Primogel, corn starch
and the like; lubricants such as magnesium stearate or
Sterotex; glidants such as colloidal silicon dioxide; sweet-
ening agents such as sucrose or saccharin, a flavoring agent
such as peppermint, methyl salicylate or orange flavoring,
and a coloring agent.

When the pharmaceutical composition is in the form of a
capsule, e.g., a gelatin capsule, it can contain, in addition to
materials of the above type, a liquid carrier such as poly-
ethylene glycol, cyclodextrin or a fatty oil.

The pharmaceutical composition can be in the form of a
liquid, e.g., an elixir, syrup, solution, emulsion or suspen-
sion. The liquid can be useful for oral administration or for
delivery by injection. When intended for oral administration,
a composition can contain one or more of a sweetening
agent, preservatives, dye/colorant and flavour enhancer. In a
composition for administration by injection, one or more of
a surfactant, preservative, wetting agent, dispersing agent,
suspending agent, buffer, stabilizer and isotonic agent can
also be included.

The liquid compositions of the invention, whether they
are solutions, suspensions or other like form, can also
include one or more of the following: sterile diluents such as
water for injection, saline solution, preferably physiological
saline, Ringer’s solution, isotonic sodium chloride, fixed oils
such as synthetic mono or digylcerides which can serve as
the solvent or suspending medium, polyethylene glycols,
glycerin, cyclodextrin, propylene glycol or other solvents;
antibacterial agents such as benzyl alcohol or methyl para-
ben; antioxidants such as ascorbic acid or sodium bisulfite;
chelating agents such as ethylenediaminetetraacetic acid;
buffers such as acetates, citrates or phosphates and agents for
the adjustment of tonicity such as sodium chloride or
dextrose. A parenteral composition can be enclosed in an
ampoule, a disposable syringe or a multiple-dose vial made
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of glass, plastic or other material. Physiological saline is a
preferred adjuvant. An injectable composition is preferably
sterile.

The pharmaceutical compositions contain an effective
amount of a compound of the invention (e.g., fusion poly-
peptide) such that a suitable dosage will be obtained. The
pharmaceutical compositions may contain the known effec-
tive amount of the compounds as currently prescribed for
their respective disorders.

The route of administration of the polypeptide of the
invention used in the prophylactic and/or therapeutic regi-
mens which will be effective in the prevention, treatment,
and/or management of a age-related condition or metabolic
disorder can be based on the currently prescribed routes of
administration for other therapeutics known in the art. The
polypeptides of the invention can be administered by any
convenient route, for example, by infusion or bolus injec-
tion, by absorption through epithelial or mucocutaneous
linings (e.g., oral mucosa, rectal and intestinal mucosa, etc.).
Administration can be systemic or local. Various delivery
systems are known, e.g., microparticles, microcapsules, cap-
sules, etc., and may be useful for administering a polypep-
tide of the invention. More than one polypeptides of the
invention may be administered to a subject. Methods of
administration may include, but are not limited to, oral
administration and parenteral administration; parenteral
administration including, but not limited to, intradermal,
intramuscular, intraperitoneal, intravenous, subcutaneous,
intranasal, epidural, sublingual, intranasal, intracerebral,
intraventricular, intrathecal, intravaginal, transdermal, rec-
tally, by inhalation, or topically to the ears, nose, eyes, or
skin.

The polypeptides of the invention may be administered
parenterally. Specifically, the polypeptides of the invention
may be administered intravenously.

Pulmonary administration can also be employed, e.g., by
use of an inhaler or nebulizer, and formulation with an
aerosolizing agent, or via perfusion in a fluorocarbon or
synthetic pulmonary surfactant. The polypeptides of the
invention can also be formulated as a suppository, with
traditional binders and carriers such as triglycerides.

The polypeptides of the invention can be delivered in a
controlled release system. For example, a pump can be used
(see Sefton, CRC Crit. Ref Biomed. Eng. 1987, 14, 201;
Buchwald et al., Surgery 1980, 88: 507; Saudek et al., N.
Engl. J. Med. 1989, 321: 574). Polymeric materials can also
be used for controlled release of the polypeptides of the
invention (see Medical Applications of Controlled Release,
Langer and Wise (eds.), CRC Pres., Boca Raton, Fla., 1974;
Controlled Drug Bioavailability, Drug Product Design and
Performance, Smolen and Ball (eds.), Wiley, New York,
1984; Ranger and Peppas, J. Macromol. Sci. Rev. Macromol.
Chem. 1983, 23, 61; see also Levy et al., Science 1985, 228,
190; During et al., Ann. Neurol., 1989, 25, 351; Howard et
al., J. Neurosurg., 1989, 71, 105). Specifically, a controlled-
release system can be placed in proximity of the target of the
polypeptides of the invention, e.g., the brain, thus requiring
only a fraction of the systemic dose (see, e.g., Goodson, in
Medical Applications of Controlled Release, supra, vol. 2,
1984, pp. 115-138). Other controlled-release systems dis-
cussed in the review by Langer (Science 1990, 249, 1527-
1533) can be used.

Polymeric materials used to achieve controlled or sus-
tained release of the polypeptides of the invention are
disclosed, e.g., in U.S. Pat. Nos. 5,679,377; 5,916,597,
5,912,015; 5,989,463; and 5,128,326; PCT Publication No.
WO 99/15154; and PCT Publication No. WO 99/20253.
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Examples of polymers used in sustained release formula-
tions include, but are not limited to, poly(2-hydroxy ethyl
methacrylate), poly(methyl methacrylate), poly(acrylic
acid), poly(ethylene-co-vinyl acetate), poly(methacrylic
acid), polyglycolides (PLG), polyanhydrides, poly(N-vinyl
pyrrolidone), poly(vinyl alcohol), polyacrylamide, poly(eth-
ylene glycol), polylactides (PLA), poly(lactide-co-gly-
colides) (PLGA), and polyorthoesters. Preferably, the poly-
mer used in a sustained release formulation is inert, free of
leachable impurities, stable on storage, sterile, and biode-
gradable.

In general, a therapeutically effective amount of a phar-
maceutical composition of the invention is from about
0.0001 mg/kg to 0.001 mg/kg; 0.001 mg/kg to about 10
mg/kg body weight or from about 0.02 mg/kg to about 5
mg/kg body weight.

In other embodiments, the prophylactic and/or therapeutic
regimen involves administering to a patient one or more
doses of an effective amount of a polypeptide of the inven-
tion, wherein the dose of an effective amount achieves a
plasma level of at least 0.01 pg/mL to at least 400 pg/mL of
the polypeptide of the invention.

A prophylactic and/or therapeutic regimen may involve
administering to a patient a plurality of doses of an effective
amount of a polypeptide of the invention, wherein the
plurality of doses maintains a plasma level of at least 0.01
png/ml., to 400 pg/ml of the polypeptide of the invention.
The prophylactic and/or therapeutic regimen may be admin-
istered for at least 1 day, 1 month, 2 months, 3 months, 4
months, 5 months, 6 months, 7 months, 8 months or 9
months.

The prophylactic and/or therapeutic regimen may involve
administration of a polypeptide of the invention in combi-
nation with one or more additional therapeutics. The rec-
ommended dosages of the one or more therapeutics cur-
rently used for the prevention, treatment, and/or
management of an age-related condition or metabolic dis-
order can be obtained from any reference in the art includ-
ing, but not limited to, Hardman et al., eds., Goodmar &
Gilman’s The Pharmacological Basis Of Basis Of Thera-
peutics, 10th ed., McGraw-Hill, New York, 2001, Physi-
cian’s Desk Reference (607 ed., 2006), which is incorpo-
rated herein by reference in its entirety.

The invention includes methods of treating disorders
wherein agonistic activity of Klotho protein and FGF are
desirable. Examples of such methods of the invention
include, but are not limited to age-related condition or
metabolic disorders.

The invention includes methods for treating or preventing
an age-related condition in an individual. An individual in
need of treatment is administered a pharmacologically effec-
tive dose of a pharmaceutical composition containing a
Klotho fusion polypeptide, having at least one extracellular
subdomain of a Klotho protein and a fibroblast growth factor
and an (optional) modified Fc fragment, so as to treat or
prevent the age-related condition. In some embodiments, the
Klotho fusion polypeptide is co-administered with a phar-
macologically effective dose of heparin. Age-related condi-
tions include sarcopenia, skin atrophy, muscle wasting, brain
atrophy, atherosclerosis, arteriosclerosis, pulmonary emphy-
sema, osteoporosis, osteoarthritis, immunologic incompe-
tence, high blood pressure, dementia, Huntington’s disease,
Alzheimer’s disease, cataracts, age-related macular degen-
eration, prostate cancer, stroke, diminished life expectancy,
memory loss, wrinkles, impaired kidney function, and age-
related hearing loss. In some embodiments, the Klotho
fusion polypeptide contains at least one extracellular domain
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of an alpha Klotho protein. In a particular embodiment, a
Klotho fusion protein containing at least one extracellular
domain of alpha Klotho protein and fibroblast growth factor
23 is administered to an individual in need of treatment for
muscle wasting.

The invention is also directed to a method for treating or
preventing a metabolic disorder in an individual. An indi-
vidual in need of treatment is administered a pharmacologi-
cally effective dose of a pharmaceutical composition con-
taining a Klotho fusion polypeptide, having at least one
extracellular subdomain of a Klotho protein and a fibroblast
growth factor so as to treat the metabolic disorder, and an
(optional) modified Fc fragment having decreased binding to
FcRn and/or increased serum half-life and/or stability. In
some embodiments, the Klotho fusion polypeptide is co-
administered with a pharmacologically effective dose of
heparin. The method may be used in the treatment or
prevention of Type II Diabetes, Metabolic Syndrome, hyper-
glycemia, and obesity. In a particular embodiment, a Klotho
fusion protein containing at least one extracellular domain of
a beta-Klotho protein and fibroblast growth factor 21 is
administered to an individual in need of treatment for a
metabolic disorder.

The invention also provides methods for treating or
preventing hyperphosphatemia or calcinosis in an indi-
vidual. An individual in need of treatment is administered a
pharmacologically effective dose of a pharmaceutical com-
position containing a Klotho fusion polypeptide, having at
least one extracellular subdomain of a Klotho protein, a
fibroblast growth factor and an (optional) modified Fc
fragment so as to treat hyperphosphatemia or calcinosis. In
some embodiments, the Klotho fusion polypeptide is co-
administered with a pharmacologically effective dose of
heparin. In a particular embodiment, a Klotho fusion protein
containing at least one extracellular domain of an alpha
Klotho protein and fibroblast growth factor 23 and an
(optional) modified Fc fragment is administered to an indi-
vidual in need of treatment for a hyperphosphatemia or
calcinosis.

The invention is also directed to a method for treating or
preventing chronic renal disease or chronic renal failure in
an individual. An individual in need of treatment is admin-
istered a pharmacologically effective dose of a pharmaceu-
tical composition containing a Klotho fusion polypeptide,
having at least one extracellular subdomain of a Klotho
protein, a fibroblast growth factor and an (optional) modified
Fc fragment so as to treat chronic renal disease or chronic
renal failure. In some embodiments, the Klotho fusion
polypeptide is co-administered with a pharmacologically
effective dose of heparin. In some embodiments, a Klotho
fusion protein containing at least one extracellular domain of
an alpha Klotho protein is administered to an individual in
need of treatment for chronic renal disease or chronic renal
failure.

The invention also includes methods for treating or pre-
venting cancer in an individual. An individual in need of
treatment is administered a pharmacologically effective dose
of a pharmaceutical composition containing a Klotho fusion
polypeptide, having at least one extracellular subdomain of
a Klotho protein, a fibroblast growth factor and an (optional)
modified Fc fragment so as to treat cancer. The method may
be used in the treatment or prevention of breast cancer. In
some embodiments, the Klotho fusion polypeptide is co-
administered with a pharmacologically effective dose of
heparin. In some embodiments, a Klotho fusion protein
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containing at least one extracellular domain of an alpha
Klotho protein is administered to an individual in need of
treatment for cancer.

In methods of treating disorders by administering a phar-
maceutical composition containing a Klotho fusion poly-
peptide, the Klotho fusion polypeptide and an (optional)
modified Fc fragment has at least one extracellular subdo-
main of a Klotho protein and a fibroblast growth factor. In
a particular embodiment, the Klotho fusion protein contains
at least one extracellular domain of a beta Klotho protein and
fibroblast growth factor 21.

In another embodiment, the fusion comprises a FGF (e.g.,
FGF19, FGF21, FGF23 or FGF23 variant) and a modified
Fc fragment with decreased binding to FcRn and/or
increased serum stability. This type of fusion can be used in
various diseases, as described above, or used to treat or
prevent any FGF-related disease known in the art. The
fusion can be administered to an individual in need thereof.

The fusion polypeptide compositions can be administered
according to any method of administration known to those
of skill in the art and described herein. Preferred methods of
administration include subcutaneous or intravenous. Other
effective modes of administration are described herein.
4.6. Methods of Treatment and Assays for Assessing Effi-
cacy

Methods of the invention which provide administering the
fusion polypeptides described herein to an individual can be
used to treat a variety of disorders including an age-related
disorder or a metabolic disorder. Without being limited by
any particular theory, fusion polypeptides may be used to
treat disorders in which there is dysregulation of Klotho or
FGF. Exemplary disorders include metabolic disorders and
age-related disorders. For example, both FGF23 or Klotho
knock-out mice display a variety of similar phenotypes
including, low physical activity, growth retardation, muscle
wasting, skin atrophy, atherosclerosis, short life spans, etc.
(See Razzaque and Lanske, J. of Endrocrinology, 194:1-10
(2007), which is herein incorporated by reference).

In particular, fusion polypeptides of the invention are
particularly useful in the treatment of aging-related disor-
ders, including muscle wasting. Without being bound to
theory, the ability of Klotho and FGF23 to control mineral
(e.g., phosphate and calcium) and vitamin D homeostasis
may be the means by which these proteins modulate aging
and muscle atrophy.

On the other hand, fusion polypeptides of the invention
may be used for treating a metabolic disorder. For example,
beta-Klotho and FGF19 have been shown to control bile
acid homeostasis by regulating cholesterol 7-c.-hydroxylase
(CYP7A1). A non-limiting example of bile homeostasis
disorder is cholestasis. The beta-Klotho and FGF21 have
been shown to induce lipolysis in adipocytes and, therefore,
reduced fat storage and increased glucose uptake. Non-
limiting examples of lipolysis/fat storage disorders are obe-
sity and associated metabolic and cardiovascular diseases.

Based at least in part on the finding that FGF23 is able to
stimulate excretion of phosphate in the urine and thereby
reduce phosphate levels in the serum, Klotho-FGF23 fusion
polypeptides of the invention can be used for treating or
preventing hyperphosphatemia or calcinosis in an indi-
vidual. For example, it has been shown that a homozygous
missense mutation in Klotho resulting in a deficiency in
Klotho in a patient can cause severe tumoral calcinosis and
artery calcification (Ichikawa et al., J. Clin. Invest. 117:
2684-2691 (2007), which is herein incorporated by refer-
ence). An individual is administered a pharmacologically
effective dose of a pharmaceutical composition containing
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the Klotho fusion polypeptide, having at least one extracel-
Iular subdomain of a Klotho protein, a fibroblast growth
factor and an (optional) modified Fc fragment so as to treat
or prevent hyperphosphatemia or calcinosis. In particular, a
Klotho fusion polypeptide containing at least one extracel-
Iular domain of an alpha Klotho protein, a fibroblast growth
factor and an (optional) modified Fc fragment is useful for
treating hyperphosphatemia or calcinosis.

Klotho fusion polypeptides of the invention can also be
used for treating or preventing chronic renal disease or
chronic renal failure in an individual. For example, it has
been shown that Klotho expression is reduced in kidney of
patients with chronic renal failure, compared to that in
unaffected kidneys (Koh et al., Biochem. Biophys. Res.
Comm. 280:1015-1020 (2001), which is herein incorporated
by reference). An individual is administered a pharmaco-
logically effective dose of a pharmaceutical composition
containing the Klotho fusion polypeptide, having at least
one extracellular subdomain of a Klotho protein, a fibroblast
growth factor and an (optional) modified Fc fragment so as
to treat or prevent chronic renal disease or chronic renal
failure. In particular, a Klotho fusion polypeptide containing
at least one extracellular domain of an alpha Klotho protein
is useful for treating chronic renal disease or chronic renal
failure.

Klotho fusion polypeptides of the invention can also be
used for treating or preventing cancer in an individual. For
example, it has been shown that Klotho expression is
reduced in breast cancer tissue, compared to normal breast
cancer tissue (Wolf et al., Oncogene (2008) advance online
publication, which is herein incorporated by reference). An
individual is administered a pharmacologically effective
dose of a pharmaceutical composition containing the Klotho
fusion polypeptide, having at least one extracellular subdo-
main of a Klotho protein, a fibroblast growth factor and an
(optional) modified Fc fragment so as to treat or prevent
cancer or breast cancer. In particular, a Klotho fusion protein
containing at least one extracellular domain of an alpha
Klotho protein is useful for treating cancer or breast cancer.

Methods for evaluating the efficacy and/or determining
the effective dose of a Klotho fusion polypeptide of the
invention on an age-related disorder or metabolic disorder
include organismal based assays, e.g., using a mammal (e.g.,
a mouse, rat, primate, or some other non-human), or other
animal (e.g., Xenopus, zebrafish, or an invertebrate such as
a fly or nematode). The Klotho fusion polypeptide can be
administered to the organism once or as a regimen (regular
or irregular). A parameter of the organism is then evaluated,
e.g., an age-associated parameter. Klotho fusion polypep-
tides that are of interest result in a change in the parameter
relative to a reference, e.g., a parameter of a control organ-
ism. Other parameters (e.g., related to toxicity, clearance,
and pharmacokinetics) can also be evaluated.

The Klotho fusion polypeptide of the invention may be
evaluated using an animal that has a particular disorder, e.g.,
a disorder described herein, e.g., an age-related disorder, a
metabolic disorder. These disorders can also provide a
sensitized system in which the test polypeptide’s effects on
physiology can be observed. Exemplary disorders include:
denervation, disuse atrophy; metabolic disorders (e.g., dis-
order of obese and/or diabetic animals such as db/db mouse
and ob/ob mouse); cerebral, liver ischemia; cisplatin/taxol/
vincristine models; various tissue (xenograph) transplants;
transgenic bone models; pain syndromes (include inflam-
matory and neuropathic disorders); Paraquat, genotoxic, and
oxidative stress models; and tumor I models.
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For measuring an age-related disorder, the animal model
can be an animal that has an altered phenotype when
calorically restricted. For example, F344 rats provide a
useful assay system for evaluating a Klotho fusion polypep-
tide. When calorically restricted, F344 rats have a 0 to 10%
incidence of nephropathy. However, when fed ad libitum,
they have a 60 to 100% incidence of nephropathy.

To evaluate a Klotho fusion polypeptide of the invention,
it is administered to the animal (e.g., an F344 rat or other
suitable animal) and a parameter of the animal is evaluated,
e.g., after a period of time. The animal can be fed ad libitum
or normally (e.g., not under caloric restriction, although
some parameters can be evaluated under such conditions).
Typically, a cohort of such animals is used for the assay.
Generally, a test polypeptide can be indicated as favorably
altering lifespan regulation in the animal if the test poly-
peptide affects the parameter in the direction of the pheno-
type of a similar animal subject to caloric restriction. Such
test polypeptides may cause at least some of the lifespan
regulatory effects of caloric restriction, e.g., a subset of such
effects, without having to deprive the organism of caloric
intake.

The parameter to be tested may be an age-associated or
disease associated parameter, e.g., a symptom of the disorder
associated with the animal model. For example, the test
polypeptide can be administered to a SH Rat, and blood
pressure is monitored. A test polypeptide that is favorably
indicated can cause an amelioration of the symptom relative
to a similar reference animal not treated with the polypep-
tide. Other parameters relevant to a disorder or to aging can
include: antioxidant levels (e.g. antioxidant enzyme levels or
activity), stress resistance (e.g., paraquat resistance), core
body temperature, glucose levels, insulin levels, thyroid-
stimulating hormone levels, prolactin levels, and leutinizing
hormone levels.

To measure the effectiveness of the polypeptides of the
invention for treating an age-related disorder, an animal
having decreased Klotho expression may be used, e.g.,
mouse with a mutant Klotho; See Kuroo, et al. Nature, 390;
45 (1997) and U.S. Pub. No. 2003/0119910, both of which
are herein incorporated by reference in their entirety. For
example, the test polypeptide is administered to the mutant
mouse and age-related parameters are monitored. A test
polypeptide that is favorably indicated can cause an ame-
lioration of the symptom relative to a similar reference
animal not treated with the polypeptide. A parameter rel-
evant to a metabolic disorder or to aging can be assessed by
measurement of body weight, examination on the acquisi-
tion of reproductive ability, measurement of blood sugar
level, observation of life span, observation of skin, obser-
vation of motor functions such as walking, and the like. The
assessment can also be made by measurement of thymus
weight, observation of the size of calcified nodules formed
on the inner surface of thoracic cavity, and the like. Further,
quantitative determination of mRNA for the Klotho gene or
Klotho protein is also useful for the assessment.

Still other in vivo models and organismal assays include
evaluating an animal for a metabolic parameter, e.g., a
parameter relevant to an insulin disorder, type II diabetes.
Exemplary metabolic parameters include: glucose concen-
tration, insulin concentration, and insulin sensitivity.

Another exemplary system features tumors, e.g., in an
animal model. The tumors can be spontaneous or induced.
For example, the tumors can be developed from cells that
have a variety of genetic constitutions, e.g., they can be p53+
or p53-. It is also possible to use organisms that an auto-
immune disorder, e.g., an NZB mouse, which is predisposed
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to SLE. To evaluate features of bone disease, it is possible,
for example, to use an animal that has an ovariectomy as a
model, e.g., for osteoporosis. Similarly, for joint disease, the
model can be based on adjuvant arthritis (e.g., mice can be
immunized with cartilage proteoglycans, high mobility
group proteins, streptococcal cell wall material, or colla-
gens); for kidney disease, kd/kd mice can be used. Animal
models of cognition, particularly learning and memory are
also available. Animal models of diabetes and its compli-
cations are also available, e.g., the streptozotocin model.
Canine models can be used, for example, for evaluating
stroke and ischemia.

In assessing whether a test polypeptide is capable of
altering life span regulation, a number of age-associated
parameters or biomarkers can be monitored or evaluated.
Exemplary age associated parameters include: (i) lifespan of
the cell or the organism; (ii) presence or abundance of a gene
transcript or gene product in the cell or organism that has a
biological age dependent expression pattern; (iii) resistance
of the cell or organism to stress; (iv) one so or more
metabolic parameters of the cell or organism (exemplary
parameters include circulating insulin levels, blood glucose
levels; fat content; core body temperature and so forth); (v)
proliferative capacity of the cell or a set of cells present in
the organism; and (vi) physical appearance or behavior of
the cell or organism.

The term “average lifespan” refers to the average of the
age of death of a cohort of organisms. In some cases, the
“average lifespan” is assessed using a cohort of genetically
identical organisms under controlled environmental condi-
tions. Deaths due to mishap are discarded. Where average
lifespan cannot be determined (e.g., for humans) under
controlled environmental conditions, reliable statistical
information (e.g., from actuarial tables) for a sufficiently
large population can be used as the average lifespan.

Characterization of molecular differences between two
such organisms, e.g., one reference organism and one organ-
ism treated with a Klotho fusion polypeptide can reveal a
difference in the physiological state of the organisms. The
reference organism and the treated organism are typically
the same chronological age. The term “chronological age” as
used herein refers to time elapsed since a preselected event,
such as conception, a defined embryological or fetal stage,
or, more preferably, birth. A variety of criteria can be used
to determine whether organisms are of the “same” chrono-
logical age for the comparative analysis. Typically, the
degree of accuracy required is a function of the average
lifespan of a wildtype organism. For example, for the
nematode C. elegans, for which the laboratory wildtype
strain N2 lives an to average of about 16 days under some
controlled conditions, organisms of the same age may have
lived for the same number of days. For mice, organism of the
same age may have lived for the same number of weeks or
months; for primates or humans, the same number of years
(or within 2, 3, or 5 years); and so forth. Generally, organ-
isms of the same chronological age may have lived for an
amount of time within 15, 10, 5, 3, 2 or 1% of the average
lifespan of a wildtype organism of that species. Preferably,
the organisms are adult organisms, e.g., the organisms have
lived for at least an amount of time in which the average
wildtype organism has matured to an age at which it is
competent to reproduce.

The organismal screening assay can be performed before
the organisms exhibit overt physical features of aging. For
example, the organisms may be adults that have lived only
10, 30, 40, 50, 60, or 70% of the average lifespan of a
wildtype organism of the same species. Age-associated
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changes in metabolism, immune competence, and chromo-
somal structure have been reported. Any of these changes
can be evaluated, either in a test subject (e.g., for an
organism based assay), or for a patient (e.g., prior, during or
after treatment with a therapeutic described herein.

A marker associated with caloric restriction can also be
evaluated in a subject organism of a screening assay (or a
treated subject). Although these markers may not be age-
associated, they may be indicative of a physiological state
that is altered when the Klotho pathway is modulated. The
marker can be an mRNA or protein whose abundance
changes in calorically restricted animals. WO01/12851 and
U.S. Pat. No. 6,406,853 describe exemplary markers. Cel-
lular models derived from cells of an animal described
herein or analogous to an animal model described herein can
be used for a cell-based assay.

Models for evaluating the effect of a test polypeptide on
muscle atrophy include: 1) rat medial gastrocnemius muscle
mass loss resulting from denervation, e.g., by severing the
right sciatic nerve at mid-thigh; 2) rat medial gastrocnemius
muscle mass loss resulting from immobilization, e.g., by
fixed the right ankle joint at 90 degrees of flexion; 3) rat
medial gastrocnemius muscle mass loss resulting from hind
limb suspension; (see, e.g., U.S. 2003-0129686); 4) skeletal
muscle atrophy resulting from treatment with the cachectic
cytokine, interleukin-1 (IL-1) (R. N. Cooney, S. R. Kimball,
T. C. Vary, Shock 7, 1-16 (1997)); and 5) skeletal muscle
atrophy resulting from treatment with the glucocorticoid,
dexamethasone (A. L. Goldberg, J. Biol. Chem. 244,3223-9
(1969).)

Exemplary animal models for AMD include: laser-in-
duced mouse model simulating exudative (wet) macular
degeneration Bora et al., Proc. Natl. Acad. Sci. USA.,
100:2679-84 (2003); a transgenic mouse expressing a
mutated form of cathepsin D resulting in features associated
with the “geographic atrophy” form of AMD (Rakoczy et
al.,, Am. J. Pathol., 161:1515-24 (2002)); and a transgenic
mouse over expressing VEGF in the retinal pigment epithe-
lium resulting in CNV. Schwesinger et al., Am. J. Pathol.
158:1161-72 (2001).

Exemplary animal models of Parkinson’s disease include
primates rendered Parkinsonian by treatment with the dop-
aminergic neurotoxin 1-methyl-4 phenyl 1,2,3,6-tetrahydro-
pyridine (MPTP) (see, e.g., U.S. Patent Publication No.
20030055231 and Wichmann et al., 4nn. N.Y. Acad. Sci.,
991:199-213 (2003); 6-hydroxydopamine-lesioned rats
(e.g., Lab. Anim. Sci., 49:363-71 (1999)); and transgenic
invertebrate models (e.g., Lakso et al., J. Neurochem.
86:165-72 (2003) and Link, Mech. Ageing Dev., 122:1639-
49 (2001)).

Exemplary molecular models of Type 11 diabetes include:
a transgenic mouse having defective Nkx-2.2 or Nkx-6.1;
(U.S. Pat. No. 6,127,598); Zucker Diabetic Fatty fa/fa (ZDF)
rat. (U.S. Pat. No. 6,569,832); and Rhesus monkeys, which
spontaneously develop obesity and subsequently frequently
progress to overt type 2 diabetes (Hotta et al., Diabetes,
50:1126-33 (2001); and a transgenic mouse with a domi-
nant-negative IGF-I receptor (KR-IGF-IR) having Type 2
diabetes-like insulin resistance.

Exemplary animal and cellular models for neuropathy
include: vincristine induced sensory-motor neuropathy in
mice (U.S. Pat. No. 5,420,112) or rabbits (Ogawa et al.,
Neuwrotoxicology, 21:501-11 (2000)); a streptozotocin
(STZ)-diabetic rat for study of autonomic neuropathy
(Schmidt et al., Am. J. Pathol., 163:21-8 (2003)); and a
progressive motor neuropathy (pmn) mouse (Martin et al.,
Genomics, 75:9-16 (2001)).
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Exemplary animal models of hyperphosphatemia or
tumoral calcinosis include Klotho knockout mice and
FGF23 knockout mice (Yoshida et al., Endocrinology 143:
683-689 (2002)).

Exemplary animal models of chronic renal disease or
chronic renal failure include COL4A3+/-mice (Beirowski et
al., J. Am. Soc. Nephrol. 17:1986-1994 (2006)).

Exemplary animal models of cancer include the trans-
plantation or implantation of cancer cells or tissue into nude
mice, as is known in the art (Giovanella et al., Adv. Cancer
Res. 44:69-120 (1985)). For example, animal models of
breast cancer include nude mice transplanted or implanted
with breast cancer cells or tissue (e.g., Yue et al., Cancer
Res. 54:5092-5095 (1994); Glinsky et al., Cancer Res.
56:5319-5324 (1996); Visonneau Am. J. Path. 152:1299-
1311 (1998)).

The compositions can be administered to a subject, e.g.,
an adult subject, particularly a healthy adult subject or a
subject having an age-related disease. In the latter case, the
method can include evaluating a subject, e.g., to characterize
a symptom of an age-related disease or other disease marker,
and thereby identifying a subject as having a neurodegen-
erative disease, e.g., Alzheimer’s or an age-related disease or
being pre-disposed to such a disease.

Skeletal Muscle Atrophy

Methods of the invention which provide administering the
Klotho fusion polypeptide to an individual can be used to
treat skeletal muscle atrophy. Muscle atrophy includes
numerous neuromuscular, metabolic, immunological and
neurological disorders and diseases as well as starvation,
nutritional deficiency, metabolic stress, diabetes, aging,
muscular dystrophy, or myopathy. Muscle atrophy occurs
during the aging process. Muscle atrophy also results from
reduced use or disuse of the muscle. Symptoms include a
decline in skeletal muscle tissue mass. In human males,
muscle mass declines by one-third between the ages of 50
and 80. Some molecular features of muscle atrophy include
the upregulation of ubiquitin ligases, and the loss of myo-
fibrillar proteins (Furuno et al., J. Biol. Chem., 265:8550-
8557, 1990). The breakdown of these proteins can be
followed, e.g., by measuring 3-methyl-histidine production,
which is a specific constituent of actin, and in certain
muscles of myosin (Goodman, Biochem. J. 241:121-12,
1987 and Lowell, et al., Metabolism, 35:1121-112, 1986;
Stein and Schluter, Am. J. Physiol. Endocrinol. Metab. 272:
E688-E696, 1997). Release of creatine kinase (a cell damage
marker) (Jackson, et al., Neurology, 41: 101 104, 1991) can
also be indicative.

Non-insulin-dependent Diabetes

Methods of the invention which provide administering the
Klotho fusion polypeptide to an individual can be used to
treat Non-insulin-dependent Diabetes. Non-insulin-depen-
dent Diabetes is also called “adult onset” diabetes and Type
2 diabetes. Type 2 diabetes also includes “non-obese type 2”
and “obese type 2.” Type Il diabetes can be characterized by
(1) reduced pancreatic-beta-islet-cell secretion of insulin
such that less than necessary amounts of insulin are pro-
duced to keep blood glucose levels in balance and/or (2)
“insulin resistance,” wherein the body fails to respond
normally to insulin. (U.S. Pat. No. 5,266,561 and U.S. Pat.
No. 6,518,069). For example, glucose-stimulated insulin
levels typically fail to rise above 4.0 nmol/L. (U.S. Pat. No.
5,266,561). Exemplary symptoms of Type II diabetes
include: hyperglycemia while fasting (U.S. Pat. No. 5,266,
561); fatigue; excessive thirst; frequent urination; blurred
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vision; and an increased rate of infections. Molecular indi-
cations of Type II diabetes include islet amyloid deposition
in the pancreases.
Neuropathy

Neuropathy can include a central and/or peripheral nerve
dysfunction caused by systemic disease, hereditary condi-
tion or toxic agent affecting motor, sensory, sensorimotor or
autonomic nerves. (see, e.g., US Patent Application No.
20030013771). Symptoms can vary depending upon the
cause of the nerve damage and the particular types of nerves
affected. For example, symptoms of motor neuropathy
include clumsiness in performing physical tasks or as mus-
cular weakness, exhaustion after minor exertion, difficulty in
standing or walking and attenuation or absence of a neuro-
muscular reflex. (U.S. Patent Application No. 20030013771)
symptoms of autonomic neuropathy include constipation,
cardiac irregularities and attenuation of the postural
hypotensive reflex. (U.S. Patent Application No.
20030013771), symptoms of sensory neuropathy include
pain and numbness; tingling in the hands, legs or feet; and
extreme sensitivity to touch, and symptoms of retinopathy
include blurred vision, sudden loss of vision, black spots,
and flashing lights.
Alzheimer’s Disease

Methods of the invention which provide administering the
Klotho fusion polypeptide to an individual can be used to
treat Alzheimer’s Disease (AD) Alzheimer’s Disease is a
complex neurodegenerative disease that results in the irre-
versible loss of neurons. It provides merely one example of
a neurodegenerative disease that is also an age-related
condition. Clinical hallmarks of Alzheimer’s Disease
include progressive impairment in memory, judgment, ori-
entation to physical surroundings, and language. Neuro-
pathological hallmarks of AD include region-specific neu-
ronal loss, amyloid plaques, and neurofibrillary tangles.
Amyloid plaques are extracellular plaques containing the
amyloid peptide (also known as Ap, or Ap42), which is a
cleavage product of the, 8-amyloid precursor protein (also
known as APP). Neurofibrillary tangles are insoluble intra-
cellular aggregates composed of filaments of the abnormally
hyperphosphorylated microtubule-associated protein, taut
Amyloid plaques and neurofibrillary tangles may contribute
to secondary events that lead to neuronal loss by apoptosis
(Clark and Karlawish, Ann. Intern. Med. 138(5):400-410
(2003). For example, p-amyloid induces caspase-2-depen-
dent apoptosis in cultured neurons (Troy et al. J Neurosci.
20(4):1386-1392). The deposition of plaques in viva may
trigger apoptosis of proximal neurons in a similar manner.

A variety of criteria, including genetic, biochemical,
physiological, and cognitive criteria, can be used to evaluate
AD in a subject. Symptoms and diagnosis of AD are known
to medical practitioners. Some exemplary symptoms and
markers of AD are presented below. Information about these
indications and other indications known to be associated
with AD can be used as an “AD-related parameter.” An AD
related parameter can include qualitative or quantitative
information. An example of quantitative information is a
numerical value of one or more dimensions, e.g., a concen-
tration of a protein or a tomographic map. Qualitative
information can include an assessment, e.g., a physician’s
comments or a binary (“yes”/“no”) and so forth. An AD-
related parameter includes information that indicates that the
subject is not diagnosed with AD or does not have a
particular indication of AD, e.g., a cognitive test result that
is not typical of AD or a genetic APOE polymorphism not
associated with AD.
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Progressive cognitive impairment is a hallmark of AD.
This impairment can present as decline in memory, judg-
ment, decision making, orientation to physical surroundings,
and language (Nussbaum and FEllis, New Eng J. Med.
348(14):1356 35 1364 (2003)). Exclusion of other forms of
dementia can assist in making a diagnosis of AD. Neuronal
death leads to progressive cerebral atrophy in AD patients.
Imaging techniques (e.g., magnetic resonance imaging, or
computer assisted tomography) can be used to detect AD-
associated lesions in the brain and/or brain atrophy.

AD patients may exhibit biochemical abnormalities that
result from the pathology of the disease. For example, levels
of tan protein in the cerebrospinal fluid is elevated in AD
patients (Andreasen, N. et al. Arch Neurol. 58:349-350
(2001)).

Levels of amyloid beta 42 (A,B42) peptide can be reduced
in CSF of AD patients. Levels of Ap42 can be increased in
the plasma of AD patients (Ertekein-Taner, N., et al. Science
290:2303 2304 (2000)). Techniques to detect biochemical
abnormalities in a sample from a subject include cellular,
immunological, and other biological methods known in the
art. For general guidance, see, e.g., techniques described in
Sambrook & Russell, Molecular Cloning: A Laboratory
Manual, 3r Edition, Cold Spring Harbor Laboratory, N.Y.
(2001), Ausubel et al., Current Protocols in Molecular
Biology (Greene Publishing Associates and Wiley Inter-
science, N.Y. (1989), (Harrow, E. and Lane, D. (1988)
Antibodies: A Laboratory Manual, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y.), and updated
editions thereof.

For example, antibodies, other immunoglobulins, and
other specific binding ligands can be used to detect a
biomolecule, e.g., a protein or other antigen associated with
AD. For example, one or more specific antibodies can be
used to probe a sample. Various formats are possible, e.g.,
ELISAs, fluorescence-based assays, Western blots, and pro-
tein arrays. Methods of producing polypeptide arrays are
described in the art, e.g., in De Wildt et al. (2000). Nature
Biotech. 18, 989-994; Lucking et al. (1999). Anral. Biochem.
270, 103-111; Ge, H. (2000). Nucleic Acids Res. 28, €3,
I-VII; MacBeath, G., and Schreiber, S. L. (2000). Science
289, 1760 to 1 763; and WO 99/5 1 773A1.

In one assay, a non-human animal model of AD (e.g., a
mouse model) is used, e.g., to evaluate a polypeptide or a
therapeutic regimen. For example, U.S. Pat. No. 6,509,515
describes one such model animal which is naturally able to
be used with learning and memory tests. The animal
expresses an amyloid precursor protein (APP) sequence at a
level in brain tissues such that the animal develops a
progressive necrologic disorder within a short period of time
from birth, generally within a year from birth, preferably
within 2 to 6 months, from birth. The APP protein sequence
is introduced into the animal, or an ancestor of the animal,
at an embryonic stage, preferably the one cell, or fertilized
oocyte, stage, and generally not later than about the 8-cell
stage. The zygote or embryo is then developed to term in a
pseudo-pregnant as foster female. The amyloid precursor
protein genes are introduced into an animal embryo so as to
be chromosomally incorporated in a state which results in
super endogenous expression of the amyloid precursor pro-
tein and the development of a progressive necrologic disease
in the cortico-limbic areas of the brain, areas of the brain
which are prominently affected in progressive necrologic
disease states such as AD. The gliosis and clinical manifes-
tations in affected transgenic animals model necrologic
disease. The progressive aspects of the neurologic disease
are characterized by diminished exploratory and/or locomo-
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tor behavior and diminished deoxyglucose uptake/utilization
and hypertrophic gliosis in the cortico-limbic regions of the
brain. Further, the changes that are seen are similar to those
that are seen in some aging animals. Other animal models
are also described in U.S. Pat. Nos. 5,387,742; 5,877,399,
6,358,752; and 6,187,992.

Parkinson’s Disease

Methods of the invention which provide administering the
Klotho fusion polypeptide to an individual can be used to
treat Parkinson’s Disease. Parkinson’s disease includes neu-
rodegeneration of dopaminergic neurons in the substantia
nigra resulting in the degeneration of the nigrostriatal dop-
amine system that regulates motor function. This pathology,
in turn, leads to motor dysfunctions. (see, e.g., and Lotharius
et al., Nat. Rev. Neurosci., 3:932-42 (2002)). Exemplary
motor symptoms include: akinesia, stooped posture, gait
difficulty, postural instability, catalepsy, muscle rigidity, and
tremor. Exemplary non-motor symptoms include: depres-
sion, lack of motivation, passivity, dementia and gastroin-
testinal dysfunction (see, e. g., Fahn, Ann. N.Y. Acad. Sci.,
991:1-14 (2003) and Pfeiffer, Lancet Neurol., 2:107-16
(2003)) Parkinson’s has been observed in 0.5 to 1 percent of
persons 65 to 69 years of age and 1 to 3 percent among
persons 80 years of age and older. (see, e.g., Nussbaum et al.,
N. Engl. J. Med., 348:1356-64 (2003)). Molecular markers
of Parkinson’s disease include reduction in aromatic L
amino acid decarboxylase (AADC) (see, e.g., US App. No.
20020172664); and loss of dopamine content in the nigros-
triatal neurons (see, e.g., Fahn, Ann. N.¥. Acad. Sci., 991:
1-14 (2003) and Lotharius et al., Nat. Rev. Neurosci.,
3:932-42 (2002)). In some familial cases, PD is linked to
mutations in single genes encoding alpha-synuclein and
parkin (an E3 ubiquitin ligase) proteins. (e.g., Riess et al., J.
Neurol. 250 Suppl 1:13 10 (2003) and Nussbaum et al., N.
Engl. J. Med., 348:1356-64 (2003)). A missense mutation in
a neuron-specific C-terminal ubiquitin hydrolase gene is also
associated with Parkinson’s. (e.g., Nussbaum et al., N. Engl.
J. Med., 348:1356-64 (2003))

Huntington’s Disease

Methods of the invention which provide administering the
Klotho fusion polypeptide to an individual can be used to
treat Huntington’s Disease. Methods for evaluating the
efficacy and/or determining the effective dose of a Klotho
fusion polypeptide on Huntington’s Disease include organ-
ismal based assays, e.g., using a mammal (e.g., a mouse, rat,
primate, or some other non-human), or other animal (e.g.,
Xenopus, zebrafish, or an invertebrate such as a fly or
nematode). A number of animal model system for Hunting-
ton’s disease are available. See, e.g., Brouillet, Functional
Neurology 15(4): 239-251 (2000); Ona et al. Nature 399:
263-267 (1999), Bates et al. Hum Mol Genet. 6(10):1633-7
(1997); Hansson et al. J. of Neurochemistry 78: 694-703;
and Rubinsztein, D. C., Trends in Genetics, Vol. 1S, No. 4,
pp. 202-209 (a review on various animal and non-human
models of HD).

An example of such an animal model is the transgenic
mouse strain is the R6/2 line (Mangiarini et al. Cell 87:
493-506 (1996)). The R6/2 mice are transgenic Hunting-
ton’s disease mice, which over-express exon 1 of the human
HD gene (under the control of the endogenous promoter).
The exon 1 of the R6/2 human HD gene has an expanded
CAG/polyglutamine repeat lengths (150 CAG repeats on
average). These mice develop a progressive, ultimately fatal
neurological disease with many features of human Hunting-
ton’s disease. Abnormal aggregates, constituted in part by
the N terminal part of Huntingtin (encoded by HD exon 1),
are observed in R6/2 mice, both 45 in the cytoplasm and
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nuclei of cells (Davies et al. Cell 90: 537-548 (1997)). For
example, the human Huntingtin protein in the transgenic
animal is encoded by a gene that includes at least 55 CAG
repeats and more preferably about 150 CAG repeats. These
transgenic animals can develop a Huntington’s disease-like
phenotype.

These transgenic mice are characterized by reduced
weight gain, reduced lifespan and motor impairment char-
acterized by abnormal gait, resting tremor, hindlimb clasp-
ing and hyperactivity from 8 to 10 weeks after birth (for
example the R6/2 strain; see Mangiarini et al. Cell 87:
493-506 (1996)). The phenotype worsens progressively
toward hypokinesia. The brains of these transgenic mice also
demonstrate neurochemical and histological abnormalities,
such as changes in neurotransmitter receptors (glutamate,
dopaminergic), decreased concentration of N-acetylaspar-
tate (a marker of neuronal integrity) and reduced striatum
and brain size. Accordingly, evaluating can include assess-
ing parameters related to neurotransmitter levels, neu-
rotransmitter receptor levels, brain size and striatum size. In
addition, abnormal aggregates containing the transgenic part
of or full-length human Huntingtin protein are present in the
brain tissue of these animals (e.g., the R6/2 transgenic
mouse strain). See, e.g., Mangiarini et al. Cell 87: 493-506
(1996), Davies et al. Cell 90: 537-548 (1997), Brouillet,
Functional Neurology 15(4): 239-251 (2000) and Cha et al.
Proc. Natl. Acad. Sci. USA 95: 6480-6485 (1998).

To test the effect of the test polypeptide or known poly-
peptide described in the application in an animal model,
different concentrations of test polypeptide are administered
to the transgenic animal, for example by injecting the test
polypeptide into circulation of the animal. A Huntington’s
disease-like symptom may be evaluated in the animal. The
progression of the Huntington’s disease-like symptoms, e.g.,
as described above for the mouse model, is then monitored
to determine whether treatment with the test polypeptide
results in reduction or delay of symptoms. In another assay,
disaggregation of the Huntingtin protein aggregates in these
animals is monitored. The animal can then be sacrificed and
brain slices are obtained. The brain slices are then analyzed
for the presence of aggregates containing the transgenic
human Huntingtin protein, a portion thereof, or a fusion
protein comprising human Huntingtin protein, or a portion
thereof. This analysis can includes, for example, staining the
slices of brain tissue with anti-Huntingtin antibody and
adding a secondary antibody conjugated with FITC which
recognizes the anti-Huntington’s antibody (e.g., the anti-
Huntingtin antibody is mouse anti-human antibody and the
secondary antibody is specific for human antibody) and
visualizing the protein aggregates by fluorescent micros-
copy.

A variety of methods are available to evaluate and/or
monitor Huntington’s disease. A variety of clinical symp-
toms and indicia for the disease are known. Huntington’s
disease causes a movement disorder, psychiatric difficulties
and cognitive changes. The degree, age of onset, and mani-
festation of these symptoms can vary. The movement dis-
order can include quick, random, dance-like movements
called chorea.

Exemplary motor evaluations include: ocular pursuit,
saccade initiation, saccade velocity, dysarthria, tongue pro-
trusion, finger tap ability, pronate/supinate, a lo fist-hand-
palm sequence, rigidity of arms, bradykinesia, maximal
dystonia (trunk, upper and lower extremities), maximal
chorea (e.g., trunk, face, upper and lower extremities), gait,
tandem walking, and retropulsion. An exemplary treatment
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can cause a change in the Total Motor Score 4 (TMS-4), a
subscale of the UHDRS, e.g., over a one-year period.
Cancer

Methods of the invention which provide administering the
Klotho fusion polypeptide to an individual can be used to
treat cancer. Cancer includes any disease that is caused by or
results in inappropriately high levels of cell division, inap-
propriately low levels of apoptosis, or both. Examples of
cancers include, without limitation, leukemias (e.g., acute
leukemia, acute lymphocytic leukemia, acute myelocytic
leukemia, acute myeloblastic leukemia, acute promyelocytic
leukemia, acute myelomonocytic leukemia, acute monocytic
leukemia, acute erythroleukemia, chronic leukemia, chronic
myelocytic leukemia, chronic lymphocytic leukemia), poly-
cythemia vera, lymphoma (Hodgkin’s disease, non-Hodg-
kin’s disease), Waldenstrom’s macroglobulinemia, heavy
chain disease, and solid tumors such as sarcomas and
carcinomas (e.g., fibrosarcoma, myxosarcoma, liposarcoma,
chondrosarcoma, osteogenic sarcoma, chordoma, angiosar-
coma, endotheliosarcoma, lymphangiosarcoma, lymphan-
gioendotheliosarcoma, synovioma, mesothelioma, Ewing’s
tumor, leiomyosarcoma, rhabdomyosarcoma, colon carci-
noma, pancreatic cancer, breast cancer, ovarian cancer,
prostate cancer, squamous cell carcinoma, basal cell carci-
noma, adenocarcinoma, sweat gland carcinoma, sebaceous
gland carcinoma, papillary carcinoma, papillary adenocar-
cinomas, cystadenocarcinoma, medullary carcinoma, bron-
chogenic carcinoma, renal cell carcinoma, hepatoma, nile
duct carcinoma, choriocarcinoma, seminoma, embryonal
carcinoma, Wilm’s tumor, cervical cancer, uterine cancer,
testicular cancer, lung carcinoma, small cell lung carcinoma,
bladder carcinoma, epithelial carcinoma, glioma, astrocy-
toma, medulloblastoma, craniopharyngioma, ependymoma,
pinealoma, hemangioblastoma, acoustic neuroma, oligoden-
roglioma, schwannoma, meningioma, melanoma, neuro-
blastoma, and retinoblastoma). Lymphoproliferative disor-
ders are also considered to be proliferative diseases.

All patents, patent applications, and published references
cited herein are hereby incorporated by reference in their
entirety. While this invention has been particularly shown
and described with references to embodiments thereof, it
will be understood by those skilled in the art that various
changes in form and details may be made therein without
departing from the scope of the invention encompassed by
the appended claims.

5. EXAMPLES
Example 1

Expression and Purification of Klotho Fusion
Polypeptides

Expression of the Klotho Fusion Polypeptide

The polypeptides of the invention were made by tran-
siently transfecting HEK293T cells with an expression vec-
tor encoding a Klotho fusion polypeptide having the extra-
cellular domain of alpha Klotho and the FGF23 (R179Q)
variant. Conditioned media containing expressed polypep-
tides were generated by transient transfection of the respec-
tive expression plasmids for Klotho, FGF23, and the Klotho-
FGF23(R179Q) fusion protein. The transfections were
performed in 6-well plates using Lipofectamine 2000 (Invit-
rogen, Cat #11668-019). Five hours after transfection, the
transfection mix was replaced with 3 ml DMEM plus 1%
FBS. Conditioned media were collected 72 hours after the
addition of 3 ml DMEM plus 1% FBS. Samples of condi-
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tioned medium from various transiently transfected
HEK293T cells were separated by SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) and analyzed by Western blot
(FIG. 3A) or stained with Coomassie blue (FIG. 3B).

SDS-polyacrylamide gel electrophoresis was performed
on various samples (lane 1, Control; lane 2, FGF23; lane 3,
sKlotho; lanes 4-6, sKlotho-FGF23). Coomassie blue stain-
ing revealed the expression of a high, >180 kDa band (FIG.
3B, indicated by arrow on the right) that was not present in
lanes 1-3, which contained samples that had not been
transfected with the vector encoding the Klotho fusion
polypeptide. The quality of the Klotho fusion polypeptide
secreted into the media was evaluated by Western blot (FIG.
3A). An anti-FGF23 rat monoclonal IgG2A (R&D Systems,
Cat# MAB26291) was used as the primary antibody to
detect the Klotho fusion polypeptides by Western blot. The
Western blot confirmed that the additional bands observed in
the Coomassie stained gels were Klotho fusion polypep-
tides. The Western blot confirmed that the Klotho fusion
polypeptides had the expected molecular weight for the
Klotho fusion polypeptide. This analysis shows the expres-
sion of the Klotho-FGF23(R179Q) fusion protein.

Purification of the Klotho Fusion Polypeptide

The polypeptides of the invention were purified from
conditioned media from a culture of HEK293T cells tran-
siently transfected with an expression vector encoding a
Klotho fusion polypeptide having the extracellular domain
of alpha Klotho and the FGF23 R179Q variant. To generate
conditioned medium, an expression vector encoding
sKlotho-FGF23-6x His was transfected (500 pg DNA in 18
ml of OptiMEM 1 (GIBCO, Cat #11058) mixed with 18 ml
of 2 pug/ml polyethlinimine (PEI) into HEK293 cells grown
in suspension in expression medium (464 ml of HEK293T
cells at 10° cells/ml in Freestype 293 expression medium
(GIBCO, Cat #12338)). After transfection, the culture was
allowed to grow (120 hours; 37° C. in a 5% CO, incubator;
shaking at 125 rpm). At the end of incubation, conditioned
medium was harvested by centrifugation (1000 rpm for five
minutes). The conditioned medium was then applied to a
nickel-agarose column. The sKlotho-FGF23-6x His bound
tightly to the column and was eluted with 50 mM imidazole.
The resulting purified material was then dialyzed in PBS to
remove imidazole. A sample of the purified sKlotho-FGF23-
6x His was separated by SDS-PAGE (lane 1, purified
sKlotho-FGF23-6x His; lane 2, molecular weight marker)
and analyzed by staining with Coomassie blue (FIG. 3C).
The stained SDS-PAGE gel confirmed that the purified
sKlotho-FGF23-6x His had the expected molecular weight.
The inability to detect bands corresponding to proteins other
than full-length sKlotho-FGF23-6x His in the lane loaded
with the purified material also showed that the sKlotho-
FGF23-6x His was purified.

Example 2

In Vitro Assay Assessing the Activity of the Klotho
Fusion Polypeptide

Egr-1-luciferase

The biological activity of the expressed alpha Klotho
fusion polypeptide was tested in Egr-1-luciferase reporter
assays. Binding of the Klotho fusion polypeptide to the
FGF23 receptor resulted in the downstream activation of
Egr-1 and the expression of a luciferase reporter regulated
by the Egr-1 promoter. The Egr-1-luciferase reporter gene
was constructed based on that reported by Urakawa et al.
(Nature, 2006, Vol 444, 770-774). HEK293T cells seeded in
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48-well poly-D-lysine plate were transfected with the Egr-
1-luciferase reporter gene together with a transfection nor-
malization reporter gene (Renilla luciferase). Five hours
after transfection of the Egr-1 luciferase reporter gene, the
transfection mix was replaced with 3 ml DMEM plus 1%
FBS. Conditioned media were collected 72 hours after the
addition of 3 ml DMEM plus 1% FBS. Five hours later, the
transfection mix was replaced with a sample to be tested for
activity. In initial experiments, 50% conditioned medium
(alone or containing Klotho, FGF23, Klotho and FGF23,
and the Klotho-FGF23(R179Q) fusion protein) and 50%
DMEM with 1% FBS in the presence or absence of 20 pug/ml
heparin (Sigma, Cat#H8537; dissolved in DMEM as 2
mg/ml stock) were tested in the Egr-1-luciferase reporter
assays (FIG. 4). Further experiments used defined quantities
of the purified polypeptides (FIGS. 5A and 5B). Cells were
lysed 20 hours later in passive lysis buffer (Promega, Cat
#E194A) and luciferase activities were determined using
Dual-Glo Luciferase Assay System (Promega, Cat #E2940).

In initial experiments, Klotho fusion polypeptide activity
was demonstrated in unfractionated conditioned medium.
Using the Egr-1-luciferase reporter gene (FIG. 4) these
experiments quantified the fold changes in the expression of
the luciferase reporter. Conditioned medium containing a
combination of FGF23 and the extracellular domain of
Klotho protein activated Egr-1-luciferase, but conditioned
medium containing only FGF23 or conditioned medium
containing only the extracellular domain of Klotho, did not
activate Egr-1-luciferase. Conditioned medium containing
the fusion protein sKlotho-FGF23(R179Q) activated the
Egr-1-luciferase reporter gene in contrast to conditioned
media containing either FGF23 or Klotho alone. In these
experiments, conditioned medium containing the fusion
protein sKlotho-FGF23(R179Q) activated the FEgr-1-lu-
ciferase reporter gene significantly better than conditioned
medium containing a combination of FGF23 and Klotho. In
the presence of heparin, the inductions by conditioned
medium containing the fusion protein sKlotho-FGF23
(R179Q)) and the conditioned medium containing a combi-
nation of FGF23 and Klotho were significantly enhanced.
Table 1 lists the relative expression of various FGF-Klotho
fusion polypeptides in conditioned medium and the relative
activity of the unfractionated conditioned medium corre-
sponding to the various FGF-Klotho fusion polypeptides in
Egr-1-luciferase reporter assays.

TABLE 1

Expression and Activities of sKlotho-FGF23 fusion variants
sKlotho-FGF23 Expres- Activity in Egr-1-luc
fusion constructs sion reporter gene

1 sKlotho-FGF23 good yes

2 IgG sp-sKlotho-FGF23 good yes

3 sKL-D1-FGF23 good no

4 sKL-D2-FGF23 no n.a.

5 s(KL-D1)2-FGF23 good no

6 sKL-D1/D2-FGF23 no n.a.

7 ssKlotho(AN-26)-FGF23 poor no*

8 sKLDI1-D2(A692-965)-FGF23  poor no*

9 sKL-D1-D2(A507-798)-FGF23  poor no*

10 FGF23-sKlotho poor no*

*lack of activity may be the result of low expression

Egr-1-luciferase reporter assays were also performed
using defined quantities of proteins purified from the con-
ditioned medium, using the purification procedure as
described in Example 1. Consistent with previous results
using unfractionated conditioned medium containing the
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expressed polypeptides, treatment with a combination of
purified FGF23 and sKlotho resulted in luciferase reporter
activity, but treatment with purified FGF23 alone did not
(FIG. 5A). The luciferase reporter activity from the combi-
nation of purified FGF23 and sKlotho was further dependent
on the dose of purified sKlotho, and the effect could be
enhanced by the presence of heparin (20 pg/ml). An effect of
the sKlotho-FGF23-6x His fusion polypeptide on luciferase
activity could be detected at concentrations as low as about
1.21 nM (1.2 fold change) and at least up to about 19.3 nM
(2.4 fold change) in Egr-1-luciferase reporter assays (FIG.
5B). The activity of the sKlotho-FGF23-6x His fusion
polypeptide on luciferase activity was significantly
enhanced in the presence of heparin (20 pg/ml). In the
presence of heparin, the effect of the sKlotho-FGF23-6x His
fusion polypeptide on luciferase activity could be detected at
a concentration as low as about 0.6 nM (2.0 fold change).
The result showed that purified sKlotho-FGF23-6x His
dose-dependently induced the EGR-1-luc reporter gene, and
that treatment with sKlotho-FGF23-6x His.

Example 3

In Vitro Assay Assessing the Effect of the Klotho
Fusion Polypeptide on Muscle Cells

The biological effect of the expressed Klotho fusion
polypeptide was tested on C2C12 myoblasts. Treatment of
C2C12 myoblasts with IGF-1, FGF2, or sKlotho-FGF23
resulted in myotube growth and phosphorylation of signal-
ing proteins. C2C12 myoblasts were seeded at a density of
40,000 cells/well in 6-well poly-D-lysine and fibronectin
coated plates in growth medium (3 parts DMEM and 1 part
F12), 10% FBS, 1% Glut; 1% P/S; 1% Linolic acid; 0.1%
ITS: [insulin (10 mg/ml), transferrin (5.5 mg/ml), and sele-
nium (5 ng/ml)]. After myoblasts reached confluence (3
days), medium was changed into differentiation medium
(DMED with 2% horse serum; 1% Glut; 1% P/S).

For the myotube diameter experiments, three days after
confluent media was changed into differentiation medium,
cells were treated with IGF-1 (10 nM), FGF2 (20 ng/ml) or
sKlotho-FGF23 (20 nM) in the absence or presence of
dexamethasone (100 uM) for 24 hours in differentiation
medium. At the end of treatment, cells were fixed with
glutaraldehyde (5% in PBS) and multiple fluorescent images
were collected. Myotube diameter was measured using the
Pipeline Pilot program to determine hypertrophy or atrophy.

For the signaling protein phosphorylation, experiments,
three days after confluent media was changed into differen-
tiation medium, cells were starved for four hours with
DMEM without FBS and then treated with IGF-1 (10 nM),
FGF2 (20 ng/ml) or sKlotho-FGF23 (20 nM) in the absence
or presence of Rapamycin (40 nM) for 30 min. Cells were
lysed in RIPA buffer in the presence of protease and phos-
phatase inhibitors. Western blot analysis was carried out and
membranes were probed with different antibodies as indi-
cated in the figure and developed on X-ray films, which were
scanned.

The results of this study showed that sKlotho-FGF23
resulted in an increase in myotube diameter compared to the
control and induced C2C12 myotube hypertrophy similar to
results for IGF-1 and FGF2 (FIG. 5A). In addition, treatment
with sKlotho-FGF23, IGF-1, and FGF2 could partially
reverse myotube atrophy induced by dexamethasone, based
on measurements of myotube diameter. No difference was
observed between sKlotho-FGF23 and FGF2 on myotube
morphology (measured by thickness of the myotubes) in the
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absence or presence of dexamethasone. The trophic effects
of sKlotho-FGF23, IGF-1, and FGF2 were statistically sig-
nificant.

Consistent with the effects on C2C12 myotubes, sKlotho-
FGF23 fusion protein signaling led to the phosphorylation of
p70S6K and ERK, but not AKT or FoxO, in C2C12 myo-
tubes (FIG. 5B). The effect of sKlotho-FGF23 on signaling
was similar to that of FGF2, but was distinct from that of
IGF-1. The extent of ERK phosphorylation by sKlotho-
FGF23 was observed to be less than that of IGF-1 or FGF2.
The phosphorylation of p70S6K by sKlotho-FGF23 was
rapamycin sensitive. In the experiments involving C2C12
cells, heparin was not required to activate signaling. These
results show that a sKlotho-FGF23 fusion polypeptide acti-
vated signaling in C2C12 myotubes.

Example 4

Fusion Polypeptides Comprising sKlotho, FGF23
and FcLALA

Various fusion polypeptides are constructed using
sKlotho, FGF23, and a modified Fc fragment of an antibody.
These modified Fc molecules have altered (decreased) bind-
ing to FcRn and thus increased serum half-life. They also
have modified bioavailability and altered transport to
mucosal surfaces and other targets in the body. In this
example, the FGF23 and sKlotho are fused to FcLALA,
which is described in U.S. Pat. No. 7,217,798 and Hessell et
al. 2007 Nature 449:101-104, Intervening between the vari-
ous components of these fusion polypeptides are linkers, as
described in Lode et al. 1998 Proc. Natl. Acad. Sci. USA 95:
2475-2480. These fusions are inserted into constructs, e.g.,
pcDNA3.1 (Invitrogen, Carlsbad, Calif.), and expressed in
HEK?293 cells.

A. sKlotho-FGF23-FcLALA vl

A fusion is constructed which comprises: sKlotho, a linker,
FGF23, another linker, and FcLALA. This embodiment,
designated sKlotho-FGF23-FcLALA vl1, is presented in
SEQ ID NOs: 46 and 47, below.

The nucleotide sequence of sKlotho-FGF23-FcLALA vl
(wherein initiation ATG as 1) is presented as SEQ ID NO:
46.

The amino acid sequence of sKlotho-FGF23-FcLALA v1 is
presented below as SEQ ID NO: 47.

In this sequence, the various components of the fusion are as
follows:

sKlotho: 1-982; Linked: 983-1001; FGF23: 1002-1228;
Linker 2; 1229-1233; FcLALA: 1234-1459.

B. sKlotho-FGF23-FcLALA v2

A fusion is constructed which comprises: sKlotho, a linker,
FGF23, another linker, and FcLALA. This embodiment is
designated sKlotho-FGF23-Fc[LALA v2 and presented as
SEQ ID NOs: 48 and 49, below.

The nucleotide sequence of sKlotho-FGF23-FcLALA v2
(wherein initiation ATG as 1) is presented as SEQ ID NO:
48.

The amino acid sequence of sKlotho-FGF23-FcLALA v2 is
presented below as SEQ ID NO: 49.

In this sequence, the various components of the fusion are as
follows:

sKlotho: (aa or amino acids) 1-982; Linker 1: 983-1001;
FGF23: 1002-1228; Linker 2; 1229-1233; FcLALA:
1234-1450.

Other fusion polypeptides can be constructed by combining
in various combinations the FGF, Klotho, modified Fc
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fragments, and (optionally) linker sequences, and variants
and derivatives thereof, as described herein or known in
the art.

Example 5

Fusion Polypeptides Comprising FGF23 and
FcLALA

Various fusion polypeptides are constructed using FGF23,
and a modified Fc fragment of an antibody, as described in
U.S. Pat. No. 7,217,798. These modified F¢c molecules have
altered (decreased) binding to FcRn and thus increased
serum half-life. They also have modified bioavailability and
altered transport to mucosal surfaces and other targets in the
body. In this example, FGF23 is fused to FcLALA, Inter-
vening between the various components of these fusion
polypeptides are linkers, as described in Lode et al. 1998
Proc. Natl. Acad. Sci. USA 95: 2475-2480. These fusions are
inserted constructs, e.g., pcDNA3.1 (Invitrogen, Carlsbad,
Calif.), and expressed in HEK293 cells.

C. FGF23-FcLALA vl
A fusion is constructed which comprises: FGF23, a linker,
and FcLALA. This construct is designated FGF23-
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The nucleotide sequence of FGF23-FcLALA v1 (wherein
initiation ATG as 1) is presented below as SEQ ID NO:
50.

The amino acid sequence of FGF23(R179Q)-FcLALAvI is
presented below as SEQ ID NO: 51.

In this sequence, the various components of the fusion are as
follows:

FGF23: (aa) 1-251; Linker: 252-256; FcLALA: 257-482.

D. FGF23-FcLALA v2

A fusion is constructed which comprises: FGF23-FcLALA
v2, which comprises FGF23 and FcLALA.

The nucleotide sequence of FGF23-FcLALA v2 (wherein
initiation ATG as 1) is presented below as SEQ ID NO:
52.

The amino acid sequence of FGF23(R179Q)-FcLALAV2 is
presented below as SEQ ID NO: 53.

In this sequence, the various components of the fusion are as
follows:

FGF23: 1-251; Linker: 252-256; FcLALA: 257-473.

Other fusion polypeptides can be constructed by combining
in various combinations the FGF sequences, modified Fc
fragments, and (optionally) linkers, and variants and
derivatives thereof, as described herein or known in the

FcLALAv1 and presented below as SEQ ID NOs: 50 and

51.

art.

Sequence Listing (FIG. 2)

Human Klotho nucleic acid sequence (NM_004795)

Protein coding region:

9-3047

1 cgegeageat gecegecage gecccgecgce

61 cgctgetget
121 gcgcegecagac
181 agggcacctt
241 gcggcetggcea
301 tggcacccecce
361 agcecgecac
421 cgctgcgega
481 ccaatggcag
541 agcggctgeg
601 agcgcctgca
661 attacgcgga
721 acaaccccta
781 ggggcagccce
841 tctggcatcet
901 taagctctca
961 aatctctgga
1021 ccgagagcat
1081 agttcatcaa

1141 aacttttgga

1201 tttectggat
1261 ttgtctcagg

1321 tcatggaaac

ggtgctgctg

ctgggecegt

cececgacgge

gcagcacgge

gggagactcc

cggggacgta

gCthgggtC

CgnggCgtC

ggagetggge

ggacgectac

gctetgette

cgtggtggece

geggeteggg

ctacaatact

ctggatcaat

ctttgtacta

gaagaataac

aggaactgcet

cccteacatg

tgaccttgaa

gaccaccaag

cttaaaagec

ggcectgggeyg

ttctegegge

ttcectetggy

aagggtgcgt

cggaacgeca

gccagegaca

actcactacc

cccaacegeyg

gtgcagceeyg

ggcggetggg

cgccactteg

tggcacgget

tacctggtgg

tctttecgte

cctegaagaa

ggttggtttyg

ctttcatcta

gacttttttyg

aagttcegec

tttaaccatc

agagatgatg

atcaagetgg

geegeccgeg
gcegeegect
cteetgecee
ccgtgggcag
ccatctggga
gtctgecgtt
gctacaacaa
gcttetecat
aggggcetgeg
tggtcaccct
ccaaccgege
geggtcaggt
acgccaccegg
cgcacaacct
ccactcaggyg
tgaccgacca
ccaaaccegt
ttctgectga
ctetttgett
aattggaatc
ctcaaatatt

ccaaatatat

atggggtgga

gceegeegecayg

gegtgeggag

c¢gaggcecgeg

cgeegectac

tacgttcacc

gggcgccccg

cgtetteege

CthtgggCg

ctactaccgg

gtaccactgg

cectggecgac

caagtactgg

gegectggee

cctectgget

aggtcaggtg

cagcatcaaa

atttattgat

ttttactgaa

tggacccacc

tcccaacctyg

tattgtggaa

gtattacctce

tgtcatcggyg

(SEQ ID NO: 1)

cegtegetgt
cegggegacy
ggcctettee
cagaccgagg
caccaccccec
tegeegetge
gacacggagg
cgagtgetee
cgeetgetygyg
gacctgecece
cacttcaggg
atcaccatcg
cceggeatec
catgccaaag
tccattgece
gaatgtcaaa
ggtgactatc
tctgagaaaa
ttgagtttte
aggcaactge
aatggctggt
aaaaagttca

tataccgcat



1381 ggtccctceat
1441 atgttgactt
1501 aaaagctgat
1561 catttcccectg
1621 tgtctcagtt
1681 ttaaagtgga
1741 tccagcccca
1801 actgggccect
1861 actatcgcectyg
1921 ggcagcctat
1981 agaaccccta
2041 gccatcacgt
2101 gtgctggcca
2161 ttaggcatgce
2221 cctgececttt
2281 gctggctgge
2341 tgaaccaaag
2401 agggtacctt
2461 aagaagatcc
2521 ggctcaactce
2581 ggctgaagtt
2641 ggctgcatge
2701 ctctcaaagce
2761 acgaccgcac
2821 aggcatccat
2881 ctctggaaag
2941 cccgaaagtce
3001 ccettatatt
3061 tctattcatt
3121 taagtgttgt
3181 atgacagagg
3241 cctgaatttg
3301 acactaacaa
3361 aatgacaaga
3421 agtagtaatt
3481 cataataatg
3541 gcagatacag
3601 ttctatcaaa
3661 tatggaaatg

3721 gatctgtcetce

49

ggatggttte
tctaagccag
agagaaaaat
tgactttgcet
taccgacctyg
tggggttgtg
gatcgettta
gattctcect
catggccage
ggccccgaac
cactgeecty
caagctttygyg
caaccttetyg
tcagaatggyg
ctcccaaaag
tgagcccatt
aaacaatttt
tgactttttyg
aataaaatac
ccccagtcag
caagtacgga
tgaggacgac
ccacatactyg
agctccgagyg
gaaacattac
attttgtcca
tttactggcet
ttactactcg
cattttgaaa
gaaactgtaa
ttttgaaatyg
ttctettttt
aagcatgaaa
ttaggaatat
gcaagagtte
cctagtgget
gagagacgac
tactagtatt
tgtattttat

actggcatct

US 9,475,857 B2

-continued

gagtggcaca
gacaagatgt
ggctteecte
tggggagttg
aatgtttacc
accaagaaga
ctecaggaaa
ctgggtaacc
gagcttgtee
caaggactgce
gectttgeag
ataacgatga
aaggcccatg
aaaatatcca
gacaaagagg
tteggetetyg
cttettectt
gctttaagee
aatgattacc
gtggeggtag
gacctececa
cagctgaggyg
gatggtatca
tttggectet
aggaaaatta
gaagaattca
ttcatagett
aagaaaggca
taattatgca
atttcataca
ggcataggtg
gggtgattaa
aataggaacc
tttettetge
gaatagaaag
tcecectetgt
agagggtcct
aatttatgta

atgatttttg

tgttgagggc

gaggttacag
tgttgccaaa
ctttacctga
ttgacaacta
tgtgggatgt
ggaaatccta
tgcacgttac
agtceccaggt
gtgtcaacat
cgegectect
agtatgecceg
atgagcegta
cectggettyg
tagcettgea
tggccgagag
gagattatcc
atttcactga
attataccac
tagaagtgca
tgcectgggg
tgtacataat
tgtattatat
atctttgegyg
atcgttatge
ttgacagcaa
cegtgtgtac
ttctattttt
gaagaagtta
gacacatcag
tttgacttct
atcgtaaaat
aaaactgaca
acaccaatgc
acccacttet
ttatgtacca
caaatctagt
aggctggaat
tctggttaat
aggtectgte

cttgcacata

catcaggegt

gtcttecagee

aaatcagccc

cattcaagta

ccaccacagt

ctgtgttgac

acattttege

gaaccacacc

caccccagtyg

ggccaggcag

actgtgettt

tacaaggaat

gcatgtgtac

ggctgattgg

agttttggaa

atgggtgatg

agatgaaaaa

catccttgta

agaaatgacc

gttgcgcaaa

atccaacgga

gcagaattac

atactttget

tgcagatcag

tggttteceyg

tgagtgcagt

tgcttetatt

caaatagttc

ctgttaacca

agaaaacatt

attgaataat

ggcactataa

aacatttgtg

aaatttaatg

agtaaccatt

ttcctatgga

gttecttteg

gacatacttyg

taaaccctgt

ggaaactttt

ggactettet

ttgttctace

ctagaaggga

gataccactce

aaaaggctta

tttgctgeca

ttcteectgg

atcctgeagt

gtggcecctgt

ggcgectggg

caagagcteg

atgacataca

aatgaaaagt

atagaacctg

tttgacattg

agggactggc

aagctaatcc

gactcagaaa

gacatcacgt

gtgctgaact

atcgatgacg

ataaacgaag

tattcgttta

tttgagccca

ggcccagaaa

ttttttcaca

atttctcectet

tgaacatttt

tttgcaccte

tttgtggett

gcgaatagtyg

tttctgtaac

cagaaatttg

tttttetgga

tctecagetge

aaagaagatg

aaagcaatgc

gagagcaaat

gtcectgagy

gataagtatc

50



51

3781 tgcggaaaaa caaacatgaa
3841 tgaaatacag tataccgcag
3901 gtgcaacatt atgattaatc
3961 catgaccttt ccctagagaa
4021 actttctatt ctttagctgt
4081 taggttcaaa agcaatctgg
4141 tattttatgt ttttgctgcet
4201 tttcacgctg aaacatgcta
4261 gccecttaaa taagtcettge
4321 gttttataga taagtcaata
4381 ccaacctcac tgacacaggg
4441 tctttagagg tatgattttt
4501 gacttattaa aattggatgc
4561 ataagagtaa tatatgttca
4621 aaaataaaaa ttatctataa
4681 tattttattt tacatagatc
4741 aaactttcct ttgtcattat
4801 ccaccacagg aatgtatcac
4861 tgttgatgaa tgttgtttaa
4921 gtaaagagaa gtaattttgce
4981 actttttgcce ttctttcata
Klotho amino acid sequence
1 MPASAPPRRP RPPPPSLSLL

61 FPDGFLWAVG SAAYQTEGGW
121 TGDVASDSYN NVFRDTEALR
181 RELGVQPVVT LYHWDLPQRL
241 YVVAWHGYAT GRLAPGIRGS
301 HWINPRRMTD HSIKECQKSL
361 KGTADFFALC FGPTLSFQLL
421 GTTKRDDAKY MYYLKKFIME
481 FLSQDKMLLP KSSALFYQKL
541 FTDLNVYLWD VHHSKRLIKV
601 LILPLGNQSQ VNHTILQYYR
661 YTALAFAEYA RLCFQELGHH
721 AQNGKISIAL QADWIEPACP
781 RNNFLLPYFT EDEKKLIQGT
841 SPSQVAVVPW GLRKVLNWLK
901 AHILDGINLC GYFAYSFNDR

961 RFCPEEFTVC TECSFFHTRK

US 9,475,857 B2

-continued

tcctgtgata ttgggetett

tggctectagy tggaggaaag

tgattataca ccatttttga

taaggatgaa ataatcactc

actgtaattt ctttgagttg

tctgaataac actggatttg

acttctgtgyg aagtagettt

gtgatatcta gaaagggcta

tgattttcag acagggaagt

ttgtatcagyg caagataaac

tcatagtgta taataatata

tcatgaaaga taagettttg

tagagaatca agtttatttt

ttgtaaaaat ttttaaaaca

tctcagaace cagaaatagce

atattgtata tagttagtat

tagtcttcaa aagcatgatt

aacttaaccyg ttcecegtttg

aaataatttt gttgctacat

tccttgataa agtattatat

atc

(NP_004786)

LVLLGLGGRR

QQHGKGASIW DTFTHHPLAP

ELGVTHYRFS

QDAYGGWANR

PRLGYLVAHN

DFVLGWFAKP VFIDGDYPES

DPHMKFRQLE

TLKAIKLDGV DVIGYTAWSL

IEKNGFPPLP ENQPLEGTFP

DGVVTKKRKS YCVDFAAIQP

CMASELVRVN ITPVVALWQP

VKLWITMNEP

FSQKDKEVAE RVLEFDIGWL

FDFLALSHYT TILVDSEKED

FKYGDLPMYI

TAPRFGLYRY AADQFEPKAS

SLLAFIAFLF FASIISLSLI

LRAEPGDGAQ

ISWARVLPNG

ALADHFRDYA

LLLAHAKVWH

SPNLRQLLSW

YTRNMTYSAG

ISNGIDDGLH

caggaagcat

gaggaaaaag

gcagatcttyg

attctatgaa

atagttttac

tttctgtgat

gaactagttt

attaggtctc

ctctctatta

caatgtcata

ctgtactata

gtaatattca

atgtatatat

cagaaactat

cactattaac

ctttattaat

tttaatagtt

ttagactagt

ttactttaat

taataataaa

TWARFSRPPA

PGDSRNASLP

SAGVPNREGL

ELCFRHFGGQ

LYNTSFRPTQ

MKNNLSSILP

IDLEFNHPQI

MDGFEWHRGY

CDFAWGVVDN

QIALLQEMHV

MAPNQGLPRL

HNLLKAHALA

AEPIFGSGDY

PIKYNDYLEV

AEDDQLRVYY

MKHYRKIIDS

FYYSKKGRRS

aaagcaattg

tgcttattat

gaatgaatga

cagtgacact

aaattcttaa

ctctgaggte

tactttgaac

atcctttaat

cactggaget

acaggcattg

taatatatca

ttttaaagtyg

ttttctgatt

atgcaaagaa

atttcctacyg

ttttattatyg

gttgagtatt

ttcttattaa

ttecttgact

tctgectgea

(SEQ ID NO: 2)
PEAAGLFQGT

LGAPSPLQPA

RYYRRLLERL

VKYWITIDNP

GGQVSIALSS

DFTESEKKFI

FIVENGWFVS

SIRRGLFYVD

YIQVDTTLSQ

THFRFSLDWA

LARQGAWENP

WHVYNEKFRH

PWVMRDWLNQ

QEMTDITWLN

MONYINEALK

NGFPGPETLE

YK
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-continued

beta-Klotho nucleic acid sequence (NM_175737)

Protein coding region:

i

atcctcagte
61 tgaagctttg
121 atctccaggg
181 tacaatgtcce
241 agctgttact
301 tececggtaaat
361 tattgggact
421 tatatgggat
481 tgacagttat
541 ttatcaattt
601 cgcaaaaggt
661 acctatagtt
721 gtggaaaaat
781 gtttggggac
841 tgggtatggg
901 tgtgggacac
961 ccgcccacat
1021 ccggtceggaa
1081 atggtttgce
1141 gttcteecgtt
1201 tttetttgee
1261 gggacaaaat
1321 caaccctega
1381 agacaccacg
1441 gttagatgaa
1501 gcaggatgct
1561 agagcggaaa
1621 ttctttaaaa
1681 tgtcactgaa
1741 tcatctgtac
1801 gctgaaaaca
1861 gttggcaaga
1921 cactggcaac

1981 tgaggggctyg
2041 cctaggectce
2101 ggccttcecag
2161 gatcaccatc

2221 ctacggggcg

2281 gcagttcagg

98-3

tcccagttca

ataagacagt

aatgaatgga

aacgggggat

ggattctetg

gaaagtcagce

ggagcattge

catttcatcce

atttttetgg

tcaatttcct

ctgcagtact

actttatacc

gataccataa

cgtgtcaaat

acaggtatgce

aacttgatca

cagaagggtt

aacacgatgg

aaccctatce

ctacccattt

ttttcttttyg

gtttcactta

atcttgattg

gccatctaca

atacgagtgt

tacaccatcce

cctaagtett

gagtccacgce

tctgttetta

gtgtggaacg

cgaccegete

atgaaagtca

ctgtecegegy

aagcttggea

cccgagecte

gectacgetyg

aacgagccta

gegcacaace

ccctecacage

232

agctaatcat

ccageagttyg

ttttcttecag

tgcaaagatc

gagatggaag

tgtttetcta

aagtggaagg

acacacacct

aaaaagactt

ggccaagget

acagtactct

actgggattt

tagatatctt

attggattac

atgceceetgg

aggctcactce

ggttatcgat

atatattcaa

atggggatgg

tctetgaage

gacccaacaa

atttaagaga

ctgagaatgg

tgatgaagaa

ttggttatac

gccgaggatt

cagcacacta

cagatgtgca

agccegagte

ccactggeaa

aatgcacaga

ccecactaceg

tgaaccgaca

tcteecgegat

tgttgcatge

ggctgtgett

accggctaag

tgctggtggc

geggggecegt

tgacagagcet

gtggcaaatg

cactgatgaa

tgtcatectyg

agctatatgg

tgacactttc

gagttggaag

taaaaatgtc

atcagcectyg

tttececeegat

tctggacget

gcectttggea

caatgactat

aattcacaac

agagaaggga

gaaagtttgg

cacgttggga

atgtcaacaa

cgactatcca

agagaagcat

ctteaageec

agcgetgaac

ctggttcaca

tttectecage

tgcectggtet

attttatgtg

ctacaaacag

gggccagttt

tgtggetteg

cagactgttg

ttttgtaaac

gtttgctetg

ggccctgagg

ggtcaccctyg

cgacgggtgg

ccaggagetg

tgacatctac

ccacgeectyg

gtegetgteg

ttacaatcac

aagccagget

ataaccacac

tcagcactta

tctaaaaatc

cctaaaaact

aaggatggaa

agcagcacga

gattttatag

ggaatagtaa

ctagtgetta

ctacaagaaa

gccacatact

ccatatctag

aatttagcag

cataactaca

tctecattgga

tccatggttt

gaggggatga

gagatgagag

ctaaacacca

tggattaaac

gacagtcgtyg

caggtgette

ctecetggatyg

gattttaaca

atcatacgag

ccctgtgact

tccecacagt

caccgagtgg

atcaaaaaac

gattgggect

tactacaggt

tattatccga

ctgaacccat

ggggacctgg

aaccgetetyg

gceetggegece

ctgcacgegyg

(SEQ ID NO:
aagcttttac

gtgcggcagg
gctataggaa
ttctgetacy
ctaattttac
ttttetgggg
aaggaccttc
atggttccag
gagtttettt
cagttgccaa
gaaacattga
aatatggggyg
gtttccagat
tggcttggea
ctgtctacac
acacacattt
tcgagecaaa
ctgtgettgg
gaaagaagtt
gcacagctga
tggctaaaat
tggaatacaa
tgaaaacaga
aagcaataag
gctttgaatg
gtaaacagaa
aaaatggttt
tctectgggy
tcagcgatec
aaggggtgag
aacttgagat
cggtecttec
gegtggteag
cccacgecca
cgacggecga
tgaagctetg
gcaacgacac

tctacgaceyg

actgggcgga

3)
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2341 acccgecaac ccctatgetg actecgcactg gagggcggcece gagcgcecttece tgcagttega
2401 gatcgectgg ttegecgage cgcetcettcaa gaccggggac taccecgegg ccatgaggga
2461 atacattgcc tccaagcacc gacgggggct ttccageteg gececctgccge gectcaccga
2521 ggccgaaagg aggctgcteca agggcacggt cgacttetge gegetcaace acttcaccac
2581 taggttegtyg atgcacgage agetggcecgyg cagecgctac gacteggaca gggacatcca
2641 gtttctgcag gacatcacce gectgagetce ccccacgege ctggctgtga ttecctgggg
2701 ggtgcgcaag ctgctgecggt gggtccggag gaactacgge gacatggaca tttacatcac
2761 cgccagtgge atcgacgacce aggctctgga ggatgaccgg ctecggaagt actacctagg
2821 gaagtacctt caggaggtgc tgaaagcata cctgattgat aaagtcagaa tcaaaggcta
2881 ttatgcattc aaactggctg aagagaaatc taaacccaga tttggattct tcacatctga
2941 ttttaaagct aaatcctcaa tacaatttta caacaaagtg atcagcagca ggggcttcecce
3001 ttttgagaac agtagttcta gatgcagtca gacccaagaa aatacagagt gcactgtcectg
3061 cttattcctt gtgcagaaga aaccactgat attcctgggt tgttgcttet tectecaccct
3121 ggttctactc ttatcaattg ccatttttca aaggcagaag agaagaaagt tttggaaagc
3181 aaaaaactta caacacatac cattaaagaa aggcaagaga gttgttagct aaactgatct
3241 gtctgcatga tagacagttt aaaaattcat cccagttcce
beta-Klotho amino acid sequence (NP_783864)
(SEQ ID NO: 4)
1 mkpgcaagsp gnewiffstd eittryrntm sngglgrsvi lsalillrav tgfsgdgrai
61 wsknpnftpv nesqglflydt fpknffwgig tgalgvegsw kkdgkgpsiw dhfihthlkn
121 vsstngssds yiflekdlsa ldfigvsfyq fsiswprlfp dgivtvanak glgyystlld
181 alvlrniepi vtlyhwdlpl algekyggwk ndtiidifnd yatycfqmfg drvkywitih
241 npylvawhgy gtgmhapgek gnlaavytvg hnlikahskv whnynthfrp hgkgwlsitl
301 gshwiepnrs entmdifkcqg gsmvsvligwf anpihgdgdy pegmrkklfs vlipifseaek
361 hemrgtadff afsfgpnnfk pintmakmgq nvslnlreal nwikleynnp riliaengwf
421 tdsrvktedt taiymmknfl sqgvlgairld eirvigytaw slldgfewqgd aytirrglfy
481 vdfnskgker kpkssahyyk giirengfsl kestpdvqgq fpcdfswgvt esvlkpesva
541 sspqfsdphl yvwnatgnrl lhrvegvrlk trpagctdfv nikkglemla rmkvthyrfa
601 ldwasvlptg nlsavnrgal ryyrcvvseg lklgisamvt lyypthahlg lpepllhadg
661 wlnpstaeaf gayaglcfge lgdlvklwit inepnrlsdi ynrsgndtyg aahnllvaha
721 lawrlydrgf rpsgrgaysl slhadwaepa npyadshwra aerflgfela wfaeplfktg
781 dypaamreyi askhrrglss salprlteae rrllkgtvdf calnhfttrf vmheglagsr
841 ydsdrdigfl gditrlsspt rlavipwgvr kllrwvrrny gdmdiyitas giddgaledd
901 rlrkyylgky lgevlkayll dkvrikgyya fklaeekskp rfgfftsdfk akssigfynk
961 vissrgfpfe nsssrcsqgtq entectvelf lvgkkplifl gecffstivl llsialfgrg
1021 krrkfwkakn lghiplkkgk rvvs
Human Klotho domain 1 (KL-D1) amino acid sequence
(SEQ ID NO: 5)
58 qgt
61 fpdgflwavg saaygteggw gghgkgasiw dtfthhplap pgdsrnaslp lgapsplgpa
121 tgdvasdsyn nvfrdtealr elgvthyrfs iswarvlpng sagvpnregl ryyrrllerl

181 relgvgpvvt lyhwdlpgrl gdayggwanr aladhfrdya elcfrhfggqg vkywitidnp



241

301

361

421

481

Human Klotho domain 2

517

541

601

661

721

781

841

901

Klotho extracellular domain

28

61

121

181

241

301

361

421

481

541

601

661

721

781

841

901

961
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yvvawhgyat grlapgirgs prlgylvahn

hwinprrmtd hsikecgksl dfvlgwfakp

kgtadffalc fgptlsfgll dphmkfrgle

gttkrddaky myylkkfime tlkaikldgv

flsgdkmllp kssalfygkl iekngf

ftdlnvylwd
lilplgngsq
yvtalafaeya
agngkisial
rnnfllpyft
spsqvavvpw

ahildginlc

fpdgflwavyg
tgdvasdsyn
relgvgpvvt
yvvawhgyat
hwinprrmtd
kgtadffalc
gttkrddaky
flsgdkmllp
ftdlnvylwd
lilplgngsq
yvtalafaeya
agngkisial
rnnfllpyft
spsqvavvpw

ahildginlc

vhhskrlikv
vnhtilgyyr
rlcfgelghh
gadwiepacp
edekkliggt
glrkvlinwlk

gyfaysfndr

saaygteggw

nvirdtealr
lyhwdlpgrl
grlapgirgs
hsikecgksl
fgptlsfgll
myylkkfime
kssalfygkl
vhhskrlikv
vnhtilgyyr
rlcfgelghh
gadwiepacp
edekkliggt
glrkvlinwlk

gyfaysfndr

(KL-D2)

dgvvtkkrks
cmaselvrvn
vklwitmnep
fsgkdkevae
fdflalshyt
fkygdlpmyi

taprfglyry

(without signal peptide)

gghgkgasiw
elgvthyrfs
gdayggwanr
prlgylvahn
dfvlgwfakp
dphmkfrgle
tlkaikldgv
iekngfpplp
dgvvtkkrks
cmaselvrvn
vklwitmnep
fsgkdkevae
fdflalshyt
fkygdlpmyi

taprfglyry

rfcpeeftve tecsffhtrk sl

1lllahakvwh
viidgdypes
spnlrgllsw

dvigytawsl

amino acid sequence

gtfp
yevdfaaigp
itpvvalwgp
ytrnmtysag
rvlefdigwl
tilvdseked
isngiddglh

aadgfepkas

epgdgaq
dtfthhplap
iswarvlpng
aladhfrdya
1lllahakvwh
viidgdypes
spnlrgllsw
dvigytawsl
engplegtfp
yevdfaaigp
itpvvalwgp
ytrnmtysag
rvlefdigwl
tilvdseked
isngiddglh

aadgfepkas

Klotho signal peptide amino acid sequence

1 mpasapprrp rppppslsll lvllglggrr lra

IgG signal peptide amino acid sequence

1 msvltgvlal 1lllwltgtrc rrlra

lyntsfrptg
mknnlssilp
idlefnhpgi

mdgfewhrgy

cdfawgvvdn
giallgemhv
mapngglprl
hnllkahala
aepifgsgdy
pikyndylev
aeddglrvyy

mkhyrkiids

twarfsrppa
pgdsrnaslp
sagvpnregl
elcfrhfggqg
lyntsfrptg
mknnlssilp
idlefnhpgi
mdgfewhrgy
cdfawgvvdn
giallgemhv
mapngglprl
hnllkahala
aepifgsgdy
pikyndylev
aeddglrvyy

mkhyrkiids

(Gly, Ser); polypeptide linker nucleic acid sequence

1 ggaggtggag gttcaggagg tggaggttca ggaggtggag gttca

(Gly, Ser); polypeptide linker amino acid sequence

1 GGGGSGGGGS GGGGS

ggqvsialss
dftesekkfi
fivengwfvs

sirrglfyvd

(SEQ ID NO:
vigvdttlsg

thfrfsldwa
larggawenp
whvynekfrh
pwvmrdwlng
gemtditwln
mgnyinealk

ngf

amino acid sequence

(SEQ ID NO:
peaaglfggt

lgapsplgpa
ryyrrllerl
vkywitidnp
ggqvsialss
dftesekkfi
fivengwfvs
sirrglfyvd
yvigvdttlsg
thfrfsldwa
larggawenp
whvynekfrh
pwvmrdwlng
gemtditwln
mgnyinealk

ngfpgpetle

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

6)

7)

8)

9)

10)

11)
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(Gly, Ser) polypeptide linker amino acid sequence

1 GGGGS
(Gly)

1G
(Gly Gly)

1GG
(Gly Ser)

1Gs

(Gly, Ser) polypeptide linker amino acid sequence

1GGS

(Ala)

1a

(Ala Ala)

1aA

Klotho signal peptide-Klotho extracellular domain-FGF23

amino acid sequence

1 MPASAPPRRP

51 PEAAGLFQGT

101 PGDSRNASLP

151 ISWARVLPNG

201 QDAYGGWANR

251 GRLAPGIRGS

301 HWINPRRMTD

351 DFTESEKKFI

401 IDLEFNHPQI

451 DVIGYTAWSL

501 IEKNGFPPLP

551 VHHSKRLIKV

601 LILPLGNQSQ

651 LARQGAWENP

701 HNLLKAHALA

751 RVLEFDIGWL

801 FDFLALSHYT

851 GLRKVLNWLK

901 AHILDGINLC

951 NGFPGPETLE

1001 KYPNASPLLG

1051 MIRSEDAGFV

1101 YDVYHSPQYH

1151 PRRHTQSAED

1201 LGVVRGGRVN

RPPPPSLSLL

FPDGFLWAVG

LGAPSPLQPA

SAGVPNREGL

ALADHFRDYA

PRLGYLVAHN

HSIKECQKSL

KGTADFFALC

FIVENGWFVS

MDGFEWHRGY

ENQPLEGTFP

DGVVTKKRKS

VNHTILQYYR

YTALAFAEYA

WHVYNEKFRH

AEPIFGSGDY

TILVDSEKED

FKYGDLPMYI

GYFAYSFNDR

RFCPEEFTVC

SSWGGLIHLY

VITGVMSRRY

FLVSLGRAKR

DSERDPLNVL

THAGGTGPEG

LVLLGLGGRR

SAAYQTEGGW

TGDVASDSYN

RYYRRLLERL

ELCFRHFGGQ

LLLAHAKVWH

DFVLGWFAKP

FGPTLSFQLL

GTTKRDDAKY

SIRRGLFYVD

CDFAWGVVDN

YCVDFAAIQP

CMASELVRVN

RLCFQELGHH

AQNGKISIAL

PWVMRDWLNQ

PIKYNDYLEV

ISNGIDDGLH

TAPRFGLYRY

TECSFFHTRK

TATARNSYHL

LCMDFRGNIF

AFLPGMNPPP

KPRARMTPAP

CRPFAKFI*

polypeptide linker amino acid sequence

polypeptide linker amino acid sequence

polypeptide linker amino acid sequence

polypeptide linker amino acid sequence

polypeptide linker amino acid sequence

LRAEPGDGAQ

QQHGKGASTW

NVFRDTEALR

RELGVQPVVT

VKYWITIDNP

LYNTSFRPTQ

VFIDGDYPES

DPHMKFRQLE

MYYLKKFIME

FLSQDKMLLP

YIQVDTTLSQ

QIALLQEMHV

ITPVVALWQP

VKLWITMNEP

QADWIEPACP

RNNFLLPYFT

QEMTDITWLN

AEDDQLRVYY

AADQFEPKAS

SLGSGGGGSG

QIHKNGHVDG

GSHYFDPENC

YSQFLSRRNE

ASCSQELPSA

(R179Q)

TWARFSRPPA
DTFTHHPLAP
ELGVTHYRFS
LYHWDLPQRL
YVVAWHGYAT
GGQVSIALSS
MKNNLSSILP
SPNLRQLLSW
TLKAIKLDGV
KSSALFYQKL
FTDLNVYLWD
THFRFSLDWA
MAPNQGLPRL
YTRNMTYSAG
FSQKDKEVAE
EDEKKLIQGT
SPSQVAVVEPW
MONY INEALK
MKHYRKIIDS
GGGSGGEGESL
APHQTIYSAL
RFQHQTLENG
IPLIHFNTPI

EDNSPMASDP

(SEQ

(SEQ

(SEQ

(SEQ

(SEQ

(SEQ

(SEQ

(SEQ

iD

iD

iD

iD

iD

iD

iD

iD

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:

12)

13)

14)

15)

16)

17)

18)

19)
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IgG signal peptide-Klotho extracellular domain-FGF23 (R179Q)
amino acid sequence
(SEQ ID NO: 20)
1 MSVLTQVLAL LLLWLTGLGG RRLRAEPGDG AQTWARFSRP PAPEAAGLFQ
51 GTFPDGFLWA VGSAAYQTEG GWQQHGKGAS IWDTFTHHPL APPGDSRNAS
101 LPLGAPSPLQ PATGDVASDS YNNVFRDTEA LRELGVTHYR FSISWARVLP
151 NGSAGVPNRE GLRYYRRLLE RLRELGVQPV VTLYHWDLPQ RLODAYGGWA
201 NRALADHFRD YAELCFRHFG GQVKYWITID NPYVVAWHGY ATGRLAPGIR
251 GSPRLGYLVA HNLLLAHAKV WHLYNTSFRP TQGGQVSIAL SSHWINPRRM
301 TDHSIKECQK SLDFVLGWFA KPVFIDGDYP ESMKNNLSSI LPDFTESEKK
351 FIKGTADFFA LCFGPTLSFQ LLDPHMKFRQ LESPNLRQLL SWIDLEFNHP
401 QIFIVENGWF VSGTTKRDDA KYMYYLKKFI METLKAIKLD GVDVIGYTAW
451 SLMDGFEWHR GYSIRRGLFY VDFLSQDKML LPKSSALFYQ KLIEKNGFPP
501 LPENQPLEGT FPCDFAWGVV DNYIQVDTTL SQFTDLNVYL WDVHHSKRLI
551 KVDGVVTKKR KSYCVDFAAI QPQIALLQEM HVTHFRFSLD WALILPLGNQ
601 SQVNHTILQY YRCMASELVR VNITPVVALW QPMAPNQGLP RLLARQGAWE
651 NPYTALAFAE YARLCFQELG HHVKLWITMN EPYTRNMTYS AGHNLLKAHA
701 LAWHVYNEKF RHAQNGKISI ALQADWIEPA CPFSQKDKEV AERVLEFDIG
751 WLAEPIFGSG DYPWVMRDWL NQRNNFLLPY FTEDEKKLIQ GTFDFLALSH
801 YTTILVDSEK EDPIKYNDYL EVQEMTDITW LNSPSQVAVV PWGLRKVLNW
851 LKFKYGDLPM YIISNGIDDG LHAEDDQLRV YYMONYINEA LKAHILDGIN
901 LCGYFAYSFN DRTAPRFGLY RYAADQFEPK ASMKHYRKII DSNGFPGPET
951 LERFCPEEFT VCTECSFFHT RKSLGSGGGG SGGGGSGGGG SLKYPNASPL
1001 LGSSWGGLIH LYTATARNSY HLQIHKNGHV DGAPHQTIYS ALMIRSEDAG
1051 FVVITGVMSR RYLCMDFRGN IFGSHYFDPE NCRFQHQTLE NGYDVYHSPQ
1101 YHFLVSLGRA KRAFLPGMNP PPYSQFLSRR NEIPLIHFNT PIPRRHTQSA
1151 EDDSERDPLN VLKPRARMTP APASCSQELP SAEDNSPMAS DPLGVVRGGR
1201 VNTHAGGTGP EGCRPFAKFI *
KL-D1-FGF23 (R179Q) amino acid sequence
(SEQ ID NO: 21)
1 MPASAPPRRP RPPPPSLSLL LVLLGLGGRR LRAEPGDGAQ TWARFSRPPA
51 PEAAGLFQGT FPDGFLWAVG SAAYQTEGGW QQHGKGASIW DTFTHHPLAP
101 PGDSRNASLP LGAPSPLQPA TGDVASDSYN NVFRDTEALR ELGVTHYRFS
151 ISWARVLPNG SAGVPNREGL RYYRRLLERL RELGVQPVVT LYHWDLPQRL
201 QDAYGGWANR ALADHFRDYA ELCFRHFGGQ VKYWITIDNP YVVAWHGYAT
251 GRLAPGIRGS PRLGYLVAHN LLLAHAKVWH LYNTSFRPTQ GGQVSIALSS
301 HWINPRRMTD HSIKECQKSL DFVLGWFAKP VFIDGDYPES MKNNLSSILP
351 DFTESEKKFI KGTADFFALC FGPTLSFQLL DPHMKFRQLE SPNLRQLLSW
401 IDLEFNHPQI FIVENGWFVS GTTKRDDAKY MYYLKKFIME TLKAIKLDGV
451 DVIGYTAWSL MDGFEWHRGY SIRRGLFYVD FLSQDKMLLP KSSALFYQKL
501 IEKNGFPPLP ENQPLEGSGG GGSGGGGSGG GGSLKYPNAS PLLGSSWGGL

551 IHLYTATARN SYHLQIHKNG HVDGAPHQTI YSALMIRSED AGFVVITGVM

601 SRRYLCMDFR GNIFGSHYFD PENCRFQHQT LENGYDVYHS PQYHFLVSLG
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651 RAKRAFLPGM NPPPYSQFLS RRNEIPLIHF NTPIPRRHTQ SAEDDSERDP
701 LNVLKPRARM TPAPASCSQE LPSAEDNSPM ASDPLGVVRG GRVNTHAGGT
751 GPEGCRPFAK FI*
KL-D2-FGF23 (R179Q) amino acid sequence

1 MPASAPPRRP RPPPPSLSLL LVLLGLGGRR LPLPENQPLE GTFPCDFAWG

51 VVDNYIQVDT TLSQFTDLNV YLWDVHHSKR LIKVDGVVTK KRKSYCVDFA
101 AIQPQIALLQ EMHVTHFRFS LDWALILPLG NQSQVNHTIL QYYRCMASEL
151 VRVNITPVVA LWQPMAPNQG LPRLLARQGA WENPYTALAF AEYARLCFQE
201 LGHHVKLWIT MNEPYTRNMT YSAGHNLLKA HALAWHVYNE KFRHAQNGKI
251 STALQADWIE PACPFSQKDK EVAERVLEFD IGWLAEPIFG SGDYPWVMRD
301 WLNQRNNFLL PYFTEDEKKL IQGTFDFLAL SHYTTILVDS EKEDPIKYND
351 YLEVQEMTDI TWLNSPSQVA VVPWGLRKVL NWLKFKYGDL PMYIISNGID
401 DGLHAEDDQL RVYYMQONYIN EALKAHILDG INLCGYFAYS FNDRTAPRFG
451 LYRYAADQFE PKASMKHYRK IIDSNGFPGP ETLERFCPEE FTVCTECSFF
501 HTRKSLGSGG GGSGGGGSGG GGSLKYPNAS PLLGSSWGGL IHLYTATARN
551 SYHLQIHKNG HVDGAPHQTI YSALMIRSED AGFVVITGVM SRRYLCMDFR
601 GNIFGSHYFD PENCRFQHQT LENGYDVYHS PQYHFLVSLG RAKRAFLPGM
651 NPPPYSQFLS RRNEIPLIHF NTPIPRRHTQ SAEDDSERDP LNVLKPRARM
701 TPAPASCSQE LPSAEDNSPM ASDPLGVVRG GRVNTHAGGT GPEGCRPFAK
751 FI*
(KL-D1),-FGF23 (R179Q) amino acid sequence

1 MPASAPPRRP RPPPPSLSLL LVLLGLGGRR LRAEPGDGAQ TWARFSRPPA

51 PEAAGLFQGT FPDGFLWAVG SAAYQTEGGW QQHGKGASIW DTFTHHPLAP
101 PGDSRNASLP LGAPSPLQPA TGDVASDSYN NVFRDTEALR ELGVTHYRFS
151 ISWARVLPNG SAGVPNREGL RYYRRLLERL RELGVQPVVT LYHWDLPQRL
201 QDAYGGWANR ALADHFRDYA ELCFRHFGGQ VKYWITIDNP YVVAWHGYAT
251 GRLAPGIRGS PRLGYLVAHN LLLAHAKVWH LYNTSFRPTQ GGQVSIALSS
301 HWINPRRMTD HSIKECQKSL DFVLGWFAKP VFIDGDYPES MKNNLSSILP
351 DFTESEKKFI KGTADFFALC FGPTLSFQLL DPHMKFRQLE SPNLRQLLSW
401 IDLEFNHPQI FIVENGWFVS GTTKRDDAKY MYYLKKFIME TLKAIKLDGV
451 DVIGYTAWSL MDGFEWHRGY SIRRGLFYVD FLSQDKMLLP KSSALFYQKL
501 IEKNGFPPLP ENQPLEGSGT FPDGFLWAVG SAAYQTEGGW QQHGKGASIW
551 DTFTHHPLAP PGDSRNASLP LGAPSPLQPA TGDVASDSYN NVFRDTEALR
601 ELGVTHYRFS ISWARVLPNG SAGVPNREGL RYYRRLLERL RELGVQPVVT
651 LYHWDLPQRL QDAYGGWANR ALADHFRDYA ELCFRHFGGQ VKYWITIDNP
701 YVVAWHGYAT GRLAPGIRGS PRLGYLVAHN LLLAHAKVWH LYNTSFRPTQ
751 GGQVSIALSS HWINPRRMTD HSIKECQKSL DFVLGWFAKP VFIDGDYPES
801 MKNNLSSILP DFTESEKKFI KGTADFFALC FGPTLSFQLL DPHMKFRQLE
851 SPNLRQLLSW IDLEFNHPQI FIVENGWFVS GTTKRDDAKY MYYLKKFIME

901 TLKAIKLDGV DVIGYTAWSL MDGFEWHRGY SIRRGLFYVD FLSQDKMLLP

(SEQ ID NO:

(SEQ ID NO:

22)

23)

64



951 KSSALFYQKL
1001 GGLIHLYTAT
1051 GVMSRRYLCM
1101 SLGRAKRAFL
1151 RDPLNVLKPR
1201 GGTGPEGCRP

(KL-D2),-FGF23

65

IEKNGFPEFG
ARNSYHLQIH
DFRGNIFGSH
PGMNPPPYSQ
ARMTPAPASC
FAKFI~*

(R179Q)
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SGGGGSGGGG

KNGHVDGAPH

YFDPENCRFQ

FLSRRNEIPL

SQELPSAEDN

SGGGGSLKYP NASPLLGSSW

QTIYSALMIR SEDAGFVVIT

HQTLENGYDV YHSPQYHFLV

IHFNTPIPRR HTQSAEDDSE

SPMASDPLGV VRGGRVNTHA

amino acid sequence

1 MPASAPPRRP RPPPPSLSLL LVLLGLGGRR LPLPENQPLE GTFPCDFAWG

51 VVDNYIQVDT

101 AIQPQIALLQ

151 VRVNITPVVA

201 LGHHVKLWIT

251 STALQADWIE

301 WLNQRNNFLL

351 YLEVQEMTDI

401 DGLHAEDDQL

451 LYRYAADQFE

501 HTRKSLGTFP

551 DGVVTKKRKS

601 VNHTILQYYR

651 YTALAFAEYA

701 WHVYNEKFRH

751 AEPIFGSGDY

801 TILVDSEKED

851 FKYGDLPMYI

901 GYFAYSFNDR

951 GGGGSGGGGS

1001 GAPHQTIYSA

1051 CRFQHQTLEN

1101 EIPLIHFNTP

1151 AEDNSPMASD

TLSQFTDLNV

EMHVTHFRFS

LWQPMAPNQG

MNEPYTRNMT

PACPFSQKDK

PYFTEDEKKL

TWLNSPSQVA

RVYYMONYIN

PKASMKHYRK

CDFAWGVVDN

YCVDFAAIQP

CMASELVRVN

RLCFQELGHH

AQNGKISIAL

PWVMRDWLNQ

PIKYNDYLEV

ISNGIDDGLH

TAPRFGLYRY

LKYPNASPLL

LMIRSEDAGF

GYDVYHSPQY

IPRRHTQSAE

PLGVVRGGRV

YLWDVHHSKR

LDWALILPLG

LPRLLARQGA

YSAGHNLLKA

EVAERVLEFD

IQGTFDFLAL

VVPWGLRKVL

EALKAHILDG

IIDSNGFPGP

YIQVDTTLSQ

QIALLQEMHV

ITPVVALWQP

VKLWITMNEP

QADWIEPACP

RNNFLLPYFT

QEMTDITWLN

AEDDQLRVYY

AADQFEPKAS

GSSWGGLIHL

VVITGVMSRR

HFLVSLGRAK

DDSERDPLNV

NTHAGGTGPE

LIKVDGVVTK KRKSYCVDFA

NQSQVNHTIL QYYRCMASEL

WENPYTALAF AEYARLCFQE

HALAWHVYNE KFRHAQNGKI

IGWLAEPIFG SGDYPWVMRD

SHYTTILVDS EKEDPIKYND

NWLKFKYGDL PMYIISNGID

INLCGYFAYS FNDRTAPRFG

ETLERFCPEE FTVCTECSFF

FTDLNVYLWD VHHSKRLIKV

THFRFSLDWA LILPLGNQSQ

MAPNQGLPRL LARQGAWENP

YTRNMTYSAG HNLLKAHALA

FSQKDKEVAE RVLEFDIGWL

EDEKKLIQGT FDFLALSHYT

SPSQVAVVPW GLRKVLNWLK

MONYINEALK AHILDGINLC

MKHYRKIIDS NGFGSGGGGS

YTATARNSYH LQIHKNGHVD

YLCMDFRGNI FGSHYFDPEN

RAFLPGMNPP PYSQFLSRRN

LKPRARMTPA PASCSQELPS

GCRPFAKFI*

FGF23 (R179Q)-Klotho extracellular domain amino acid sequence

1 MLGARLRLWV

51 YHLQIHKNGH

101 NIFGSHYFDP

151 PPPYSQFLSR

201 PAPASCSQEL

251 IGSGGGGSGG

301 GFLWAVGSAA

351 PSPLQPATGD

401 VPNREGLRYY

CALCSVCSMS

VDGAPHQTIY

ENCRFQHQTL

RNEIPLIHFN

PSAEDNSPMA

GGSGGGGSLK

YQTEGGWQQH

VASDSYNNVF

RRLLERLREL

VLRAYPNASP

SALMIRSEDA

ENGYDVYHSP

TPIPRRHTQS

SDPLGVVRGG

EPGDGAQTWA

GKGASIWDTF

RDTEALRELG

GVQPVVTLYH

LLGSSWGGLI HLYTATARNS

GFVVITGVMS RRYLCMDFRG

QYHFLVSLGR AKRAFLPGMN

AEDDSERDPL NVLKPRARMT

RVNTHAGGTG PEGCRPFAKF

RFSRPPAPEA AGLFQGTFPD

THHPLAPPGD SRNASLPLGA

VTHYRFSISW ARVLPNGSAG

WDLPQRLQDA YGGWANRALA

(SEQ ID NO:

(SEQ ID NO:

24)

25)

66
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451 DHFRDYAELC FRHFGGQVKY WITIDNPYVV AWHGYATGRL APGIRGSPRL
501 GYLVAHNLLL AHAKVWHLYN TSFRPTQGGQ VSIALSSHWI NPRRMTDHSI
551 KECQKSLDFV LGWFAKPVFI DGDYPESMKN NLSSILPDFT ESEKKFIKGT
601 ADFFALCFGP TLSFQLLDPH MKFRQLESPN LRQLLSWIDL EFNHPQIFIV
651 ENGWFVSGTT KRDDAKYMYY LKKFIMETLK AIKLDGVDVI GYTAWSLMDG
701 FEWHRGYSIR RGLFYVDFLS QDKMLLPKSS ALFYQKLIEK NGFPPLPENQ
751 PLEGTFPCDF AWGVVDNYIQ VDTTLSQFTD LNVYLWDVHH SKRLIKVDGV
801 VTKKRKSYCV DFAAIQPQIA LLQEMHVTHF RFSLDWALIL PLGNQSQVNH
851 TILQYYRCMA SELVRVNITP VVALWQPMAP NQGLPRLLAR QGAWENPYTA
901 LAFAEYARLC FQELGHHVKL WITMNEPYTR NMTYSAGHNL LKAHALAWHV
951 YNEKFRHAQN GKISIALQAD WIEPACPFSQ KDKEVAERVL EFDIGWLAEP
1001 IFGSGDYPWV MRDWLNQRNN FLLPYFTEDE KKLIQGTFDF LALSHYTTIL
1051 VDSEKEDPIK YNDYLEVQEM TDITWLNSPS QVAVVPWGLR KVLNWLKFKY
1101 GDLPMYIISN GIDDGLHAED DQLRVYYMQON YINEALKAHI LDGINLCGYF
1151 AYSFNDRTAP RFGLYRYAAD QFEPKASMKH YRKIIDSNGF PGPETLERFC
1201 PEEFTVCTEC SFFHTRKSL*
FGF23 (R179Q)-KL-D1 amino acid sequence
(SEQ ID NO: 26)
1 MLGARLRLWV CALCSVCSMS VLRAYPNASP LLGSSWGGLI HLYTATARNS
51 YHLQITHKNGH VDGAPHQTIY SALMIRSEDA GFVVITGVMS RRYLCMDFRG
101 NIFGSHYFDP ENCRFQHQTL ENGYDVYHSP QYHFLVSLGR AKRAFLPGMN
151 PPPYSQFLSR RNEIPLIHFN TPIPRRHTQS AEDDSERDPL NVLKPRARMT
201 PAPASCSQEL PSAEDNSPMA SDPLGVVRGG RVNTHAGGTG PEGCRPFAKF
251 IQGTFPDGFL WAVGSAAYQT EGGWQOHGKG ASIWDTFTHH PLAPPGDSRN
301 ASLPLGAPSP LQPATGDVAS DSYNNVFRDT EALRELGVTH YRFSISWARV
351 LPNGSAGVPN REGLRYYRRL LERLRELGVQ PVVTLYHWDL PQRLQDAYGG
401 WANRALADHF RDYAELCFRH FGGQVKYWIT IDNPYVVAWH GYATGRLAPG
451 IRGSPRLGYL VAHNLLLAHA KVWHLYNTSF RPTQGGQVSI ALSSHWINPR
501 RMTDHSIKEC QKSLDFVLGW FAKPVFIDGD YPESMKNNLS SILPDFTESE
551 KKFIKGTADF FALCFGPTLS FQLLDPHMKF RQLESPNLRQ LLSWIDLEFN
601 HPQIFIVENG WFVSGTTKRD DAKYMYYLKK FIMETLKAIK LDGVDVIGYT
651 AWSLMDGFEW HRGYSIRRGL FYVDFLSQDK MLLPKSSALF YQKLIEKNGF
652 *
FGF23 (R179Q)-KL-D2 amino acid sequence
(SEQ ID NO: 27)
1 MLGARLRLWV CALCSVCSMS VLRAYPNASP LLGSSWGGLI HLYTATARNS
51 YHLQITHKNGH VDGAPHQTIY SALMIRSEDA GFVVITGVMS RRYLCMDFRG
101 NIFGSHYFDP ENCRFQHQTL ENGYDVYHSP QYHFLVSLGR AKRAFLPGMN
151 PPPYSQFLSR RNEIPLIHFN TPIPRRHTQS AEDDSERDPL NVLKPRARMT
201 PAPASCSQEL PSAEDNSPMA SDPLGVVRGG RVNTHAGGTG PEGCRPFAKF

251 IGTFPCDFAW GVVDNYIQVD TTLSQFTDLN VYLWDVHHSK RLIKVDGVVT

301 KKRKSYCVDF AATIQPQIALL QEMHVTHFRF SLDWALILPL GNQSQVNHTI
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351 LQYYRCMASE LVRVNITPVV ALWQPMAPNQ GLPRLLARQG AWENPYTALA

401 FAEYARLCFQ ELGHHVKLWI TMNEPYTRNM TYSAGHNLLK AHALAWHVYN
451 EKFRHAQNGK ISIALQADWI EPACPFSQKD KEVAERVLEF DIGWLAEPIF
501 GSGDYPWVMR DWLNQRNNFL LPYFTEDEKK LIQGTFDFLA LSHYTTILVD
551 SEKEDPIKYN DYLEVQEMTD ITWLNSPSQV AVVPWGLRKV LNWLKFKYGD
601 LPMYIISNGI DDGLHAEDDQ LRVYYMQONYI NEALKAHILD GINLCGYFAY
651 SENDRTAPRF GLYRYAADQF EPKASMKHYR KIIDSNGF#*
FGF23 (R179Q)- (KL-D1), amino acid sequence
(SEQ ID NO: 28)
1 MLGARLRLWV CALCSVCSMS VLRAYPNASP LLGSSWGGLI HLYTATARNS
51 YHLQITHKNGH VDGAPHQTIY SALMIRSEDA GFVVITGVMS RRYLCMDFRG
101 NIFGSHYFDP ENCRFQHQTL ENGYDVYHSP QYHFLVSLGR AKRAFLPGMN
151 PPPYSQFLSR RNEIPLIHFN TPIPRRHTQS AEDDSERDPL NVLKPRARMT
201 PAPASCSQEL PSAEDNSPMA SDPLGVVRGG RVNTHAGGTG PEGCRPFAKF
251 IQGTFPDGFL WAVGSAAYQT EGGWQOHGKG ASIWDTFTHH PLAPPGDSRN
301 ASLPLGAPSP LQPATGDVAS DSYNNVFRDT EALRELGVTH YRFSISWARV
351 LPNGSAGVPN REGLRYYRRL LERLRELGVQ PVVTLYHWDL PQRLQDAYGG
401 WANRALADHF RDYAELCFRH FGGQVKYWIT IDNPYVVAWH GYATGRLAPG
451 IRGSPRLGYL VAHNLLLAHA KVWHLYNTSF RPTQGGQVSI ALSSHWINPR
501 RMTDHSIKEC QKSLDFVLGW FAKPVFIDGD YPESMKNNLS SILPDFTESE
551 KKFIKGTADF FALCFGPTLS FQLLDPHMKF RQLESPNLRQ LLSWIDLEFN
601 HPQIFIVENG WFVSGTTKRD DAKYMYYLKK FIMETLKAIK LDGVDVIGYT
651 AWSLMDGFEW HRGYSIRRGL FYVDFLSQDK MLLPKSSALF YQKLIEKNGF
701 QGTFPDGFLW AVGSAAYQTE GGWQQHGKGA SIWDTFTHHP LAPPGDSRNA
751 SLPLGAPSPL QPATGDVASD SYNNVFRDTE ALRELGVTHY RFSISWARVL
801 PNGSAGVPNR EGLRYYRRLL ERLRELGVQP VVTLYHWDLP QRLQDAYGGW
851 ANRALADHFR DYAELCFRHF GGQVKYWITI DNPYVVAWHG YATGRLAPGI
901 RGSPRLGYLV AHNLLLAHAK VWHLYNTSFR PTQGGQVSIA LSSHWINPRR
951 MTDHSIKECQ KSLDFVLGWF AKPVFIDGDY PESMKNNLSS ILPDFTESEK
1001 KFIKGTADFF ALCFGPTLSF QLLDPHMKFR QLESPNLRQL LSWIDLEFNH
1051 PQIFIVENGW FVSGTTKRDD AKYMYYLKKF IMETLKAIKL DGVDVIGYTA
1101 WSLMDGFEWH RGYSIRRGLF YVDFLSQDKM LLPKSSALFY QKLIEKNGFE*
FGF23 (R179Q) - (KL-D2), amino acid sequence
(SEQ ID NO: 29)
1 MLGARLRLWV CALCSVCSMS VLRAYPNASP LLGSSWGGLI HLYTATARNS
51 YHLQITHKNGH VDGAPHQTIY SALMIRSEDA GFVVITGVMS RRYLCMDFRG
101 NIFGSHYFDP ENCRFQHQTL ENGYDVYHSP QYHFLVSLGR AKRAFLPGMN
151 PPPYSQFLSR RNEIPLIHFN TPIPRRHTQS AEDDSERDPL NVLKPRARMT
201 PAPASCSQEL PSAEDNSPMA SDPLGVVRGG RVNTHAGGTG PEGCRPFAKF
251 IGTFPCDFAW GVVDNYIQVD TTLSQFTDLN VYLWDVHHSK RLIKVDGVVT
301 KKRKSYCVDF AAIQPQIALL QEMHVTHFRF SLDWALILPL GNQSQVNHTI

351 LOQYYRCMASE LVRVNITPVV ALWQPMAPNQ GLPRLLARQG AWENPYTALA

401 FAEYARLCFQ ELGHHVKLWI TMNEPYTRNM TYSAGHNLLK AHALAWHVYN
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451 EKFRHAQNGK ISIALQADWI EPACPFSQKD KEVAERVLEF DIGWLAEPIF
501 GSGDYPWVMR DWLNQRNNFL LPYFTEDEKK LIQGTFDFLA LSHYTTILVD
551 SEKEDPIKYN DYLEVQEMTD ITWLNSPSQV AVVPWGLRKV LNWLKFKYGD
601 LPMYIISNGI DDGLHAEDDQ LRVYYMQONYI NEALKAHILD GINLCGYFAY
651 SFNDRTAPRF GLYRYAADQF EPKASMKHYR KIIDSNGFGT FPCDFAWGVV
701 DNYIQVDTTL SQFTDLNVYL WDVHHSKRLI KVDGVVTKKR KSYCVDFAAI
751 QPQIALLQEM HVTHFRFSLD WALILPLGNQ SQVNHTILQY YRCMASELVR
801 VNITPVVALW QPMAPNQGLP RLLARQGAWE NPYTALAFAE YARLCFQELG
851 HHVKLWITMN EPYTRNMTYS AGHNLLKAHA LAWHVYNEKF RHAQNGKISI
901 ALQADWIEPA CPFSQKDKEV AERVLEFDIG WLAEPIFGSG DYPWVMRDWL
951 NQRNNFLLPY FTEDEKKLIQ GTFDFLALSH YTTILVDSEK EDPIKYNDYL
1001 EVQEMTDITW LNSPSQVAVV PWGLRKVLNW LKFKYGDLPM YIISNGIDDG
1051 LHAEDDQLRV YYMONYINEA LKAHILDGIN LCGYFAYSFN DRTAPRFGLY
1101 RYAADQFEPK ASMKHYRKII DSNGF*
FGF19 nucleic acid sequence (NM_005117)
Protein coding region (464-1114)
(SEQ ID NO: 30)
1 gctececcagee aagaaccteg gggecgetge geggtgggga ggagttecce gaaacccegge
61 cgctaagcga ggcctectee teccgcagat ccgaacggece tgggeggggt caccecgget
121 gggacaagaa gccgecgect gectgeccegg geccggggag ggggcetgggyg ctggggecgy
181 aggcggggtyg tgagtgggty tgtgeggggyg gcggaggett gatgcaatcce cgataagaaa
241 tgctcgggtyg tettgggcac ctacccegtgg ggcccgtaag gegctactat ataaggetge
301 cggcceggag cegecgegee gtcagagcag gagegetgeg tccaggatcet agggecacga
361 ccatceccaac ceggcactca cagecccgea gogeatcceeg gtegecgece agccteccge
421 acccccateg ceggagetge gecgagagece ccagggaggt gecatgegga gegggtgtgt
481 ggtggteccac gtatggatcce tggeccggect ctggetggee gtggecggge geccectege
541 cttcteggac geggggeccee acgtgcacta cggetgggge gaccccatcce gectgeggea
601 cctgtacace tcecggeccee acgggetcte cagetgette ctgegeatcce gtgccgacgg
661 cgtcgtggac tgcgegeggyg gccagagcege gcacagtttg ctggagatca aggcagtege
721 tctgeggace gtggecatca agggegtgca cagegtgegg tacctetgea tgggcegecga
781 cggcaagatyg caggggctge ttcagtactc ggaggaagac tgtgcttteg aggaggagat
841 ccgcccagat ggctacaatyg tgtaccgatce cgagaagcac cgcectecegyg tcetecctgag
901 cagtgccaaa cagcggcagce tgtacaagaa cagaggettt cttccactet ctcatttect
961 gceccatgetyg cccatggtece cagaggagcece tgaggaccte aggggcecact tggaatctga
1021 catgttctct tcgececctgg agaccgacag catggaccca tttgggettg tcaccggact
1081 ggaggccgtg aggagtccca gctttgagaa gtaactgaga ccatgcccegg gcctcttcac
1141 tgctgccagg ggctgtggta cctgcagcegt gggggacgtg cttctacaag aacagtcectg
1201 agtccacgtt ctgtttagct ttaggaagaa acatctagaa gttgtacata ttcagagttt
1261 tccattggca gtgccagttt ctagccaata gacttgtctg atcataacat tgtaagcectg
1321 tagecttgecce agetgcectgee tgggccccca ttetgctece tcgaggttge tggacaaget

1381 gctgcactgt ctcagttctg cttgaatacc tccatcgatg gggaactcac ttectttgga

1441 aaaattctta tgtcaagctg aaattctcta attttttctce atcacttcecce caggagcagce



1501 cagaagacag
1561 taaatttcac

1621 ccectteccaa

1681 ggagtagggy
1741 ggccagttct
1801 ccatctecca
1861 cccaggcccce
1921 atttgaagac
1981 gaaccctttce
2041 tgtacatctc

2101 gaggtttgtt

73

gcagtagttt

tcaaccccat

atccctecag

aagcctggag

gtcatggatg

geccaccage

ccaccttatg

cccaagtett

cccageactt

ttattttctt

ttgtatatta
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taatttcagg

gtgggaattg

gccagaactyg

cceccactceca

ctgtectgag

cctetgecca

tcaacctgea

gtcaataact

ggttttccaa

acattattta

aaatggagtt

FGF19 amino acid sequence (NP_005108)

1 MRSGCVVVHV WILAGLWLAV AGRPLAFSDA

61 RIRADGVVDC ARGQSAHSLL EIKAVALRTV

121 AFEEEIRPDG YNVYRSEKHR LPVSLSSAKQ

181 GHLESDMFSS PLETDSMDPF GLVTGLEAVR

aacaggtgat

atctatatct

actggagcag

gcectgggac

aataacttgc

ccteacatge

cttettgtte

tgctgtgtgg

catgatattt

tgcceccaaa

tgtttgtaaa

GPHVHYGWGD

AIKGVHSVRY

RQLYKNRGFL

SPSFEK

FGF21 nucleic acid sequence (NM_019113)
Protein coding region 151-780

1 CTGTCAGCTG

61 ACCTGGACAA

121 CCGGAGATCA

181 TCAGGACTGT

241 ATCCCTGACT

301 ACAGATGATG

361 GGCGCTGCTG

421 ATTCAAATCT

481 TATGGATCGC

541 GGATACAATG

601 TCCCCACACC

661 CCCCCCGCAC

721 TCGGACCCTC

781 AGCCAGAGGC

841 TTTTTTTATT

901 AAAAAAAAAD

AGGATCCAGC

CTGGAATCTG

CCTGAGGACC

GGGTTTCTGT

CCAGTCCTCT

CCCAGCAGAC

ACCAGAGCCC

TGGGAGTCAA

TCCACTTTGA

TTTACCAGTC

GGGACCCTGC

TCCCGGAGCC

TGAGCATGGT

TGTTTACTAT

TTTCTTACTT

AAAAARAADAR

CGAAAGAGGA

GCACCAATTC

CGAGCCATTG

GCTGGCTGGT

CCTGCAATTC

AGAAGCCCAC

CGAAAGTCTC

GACATCCAGG

CCCTGAGGCC

CGAAGCCCAC

ACCCCGAGGA

ACCCGGAATC

GGGACCTTCC

GACATCTCCT

GAGATAATAA

AAAAADADDDL

FGF21 amino acid sequence (NP_061986)

1 MDSDETGFEH SGLWVSVLAG LLLGACQAHP

61 LEIREDGTVG GAADQSPESL LQLKALKPGV

121 CSFRELLLED GYNVYQSEAH GLPLHLPGNK

181 LAPQPPDVGS SDPLSMVGPS QGRSPSYAS

GCCAGGCACT

TAAACCACTC

ATGGACTCGG

CTTCTGCTGG

GGGGGCCAAG

CTGGAGATCA

CTGCAGCTGA

TTCCTGTGCC

TGCAGCTTCC

GGCCTCCCGC

CCAGCTCGCT

CTGGCCCcece

CAGGGCCGAA

CTTTATTTAT

AGAGTTCCAG

AAAAADADDDL

IPDSSPLLQF

IQILGVKTSR

SPHRDPAPRG

ccactetgta

ctacttecag

gcatggececa

aacttgagaa

tgtcceggty

ctececcatgg

aaaaatcagg

aagcagcggyg

atgagtaatt

ttatatttat

aaaaaaaaaa

PIRLRHLYTS

LCMGADGKMQ

PLSHFLPMLP

CAGGCCACCTG

AGCTTCTCCGA

ACGAGACCGGG

GAGCCTGCCAG

TCCGGCAGCGG

GGGAGGATGGG

AAGCCTTGAAG

AGCGGCCAGAT

GGGAGCTGCTT

TGCACCTGCCA

TCCTGCCACTA

AGCCCCCCGAT

GCCCCAGCTAC

TAGGTTATTTA

AGGAGAAAAAA

GGQVRQRYLYT

FLCQRPDGALY

PARFLPLPGLP

aaacagcagg
ggaccatttyg
ccaggettea
ttccecectga
tcacctgett
attggggect
aaaagaaaag
ggaagaccta
tattttgata
gtatgtaagt
aaaaaaa

(SEQ ID NO:
GPHGLSSCFL
GLLQYSEEDC

MVPEEPEDLR

(SEQ ID NO:
AGTCTACTC

GCTCACACC

TTCGAGCAC

GCACACCCC

TACCTCTAC

ACGGTGGGG

CCGGGAGTT

GGGGCCCTG

CTTGAGGAC

GGGAACAAG

CCAGGCCTG

GTGGGCTCC

GCTTCCTGA

TCTTATTTA

AAAAARARA

(SEQ ID NO:
DDAQQTEAH

GSLHFDPEA

PALPEPPGI

31)

32)

33)

74
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FGF23 nucleic acid sequence (NM_ 020638
Protein coding region 147-902

1

61

121

181

241

301

361

421

481

541

601

661

721

781

841

901

961

1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

cggcaaaaag
aaaaggccag
gcaccagceca
ccttgtgeag
tcggetecag
acctgcagat
ccctgatgat
gatacctetg
actgcaggtt
atcacttect
ccecegtacte
ccataccacyg
tgctgaagee
gegecgagga
tgaacacgca
agggtcgetg
gaccaggtce
tgcttetety
catggggttt
acaggtaaac
tttctecttece
aaaaaaaaaa
aatcggagat
cactggcatt
acactacttt
tggtggtagg
atcataatag
ctgtgcagee
tacagcctca
gettttacac
aattccaact
cattctgaac
ctgggttagyg
aaggactcag
atggtcagge
ttaaaactct
taaatgaagc
tctetttaaa

cttcttecca

gagggaatce
taaggcctygyg
ctcagagcag
cgtetgecage
ctggggtgge
ccacaagaat
cagatcagag
catggatttce
ccaacaccag
ggtcagtetg
ccagttecty
geggcacace
cecgggecegg
caacagccecg
cgctggggga
gaagggcacc
cttgacgtte
gggtcectte
caccgectte
tagaaatttc
ttgtgectet
aaaagcagtyg
cccagaaget
tgagtgtgca
caagccetteg
ctggtgaaaa
aaaactcagce
acagccagag
cecttttggee
tggctcacga
ctcctaagag
aaactacaaa
ttttetgtgyg
ggggaaagaa
tcttgtetgt
cctaggetga
cttaccccat
tgaccaccta

gtcacttttt

agtctaggat

gccaggagag

ggcacgatgt

atgagegtec

ctgatccacce

ggccatgtgg

gatgctgget

agaggcaaca

acgctggaaa

dggcecgggega

tceeceggagga

cggagcgccyg

atgacceegg

atggeccagtyg

acgggcccgg

ctctttaacce

cgaggatggg

cacaggaggt

ctcactccat

cecctteatga

cctetttate

ggttcctgag

tctecactge

aaccttgaca

ttettectty

cttgacaget

cteectacag

ggcccagaat

ccatetetgg

aaatctgeec

gcatttaatt

aatgtgactg

actgaaaaat

atcaggggac

ggtctctagy

cacatctggg

tactgeggtt

aaggacagta

tttttcteac

cctcacacca

tccegacagyg

tgggggeccyg

tcagagecta

tgtacacagc

atggegeacce

ttgtggtgat

tttttggatc

acgggtacga

agagagectt

acgagatccc

aggacgactc

cceeggecte

acccattagg

aaggctgeeg

catcecteag

aaaggtgaca

cctgtgagaa

atagaacacc

aggtagagag

acttttaagce

ctcaagactt

cctatgeatt

ttaacagctg

agcatctctg

agacttgatg

ggtgagcacc

ggccccacte

tttttgaaaa

tgctagaatt

aaggctctac

dgaagggggc

cgtgtecttt

atgttataga

gctetgecage

tctcaatccce

cttectgtaa

tattaacaag

tgccatcaca

gctacttgea

agtgtcaggt

ccteaggete

tcccaatgec

cacagccagg

ccatcagacce

tacaggtgtyg

acactatttc

cgtctaccac

cctgecagge

cctaattcac

dgagcgggac

ctgttcacag

ggtggtcagg

ccecttegee

caaacgcagc

ggggcatgta

ccaacctttyg

tttcccaata

aaggggtctce

ataaaaaaaa

tgaaggtgta

tatgttagat

aatggggcaa

gggaagagct

cttgctgaaa

ttetgteteg

tgttceccaag

tttggtctaa

tgcttttcaa

ttccaggttyg

tttgagagac

tctectaaatg

agttatgaaa

agcagtgget

cttggaaatt

gggggctcca

caaagtcgat

tactaacctt

(SEQ ID NO:
agggagaagg

ttcaatctca
tgggtctgtg
tccecactge
aacagctacc
atctacagtg
atgagcagaa
gacccggaga
tctecteagt
atgaacccac
ttcaacaccc
ccectgaacy
gagctcccga
ggcggtcgag
aagttcatct
tctteccaag
tggaatttge
aggcccaagt
ggaaacccca
tcccaacata
aaaaaaaaaa
gggaagagga
gcececgatee
gttgatgaaa
gtcaaaagac
tgaggcagga
ctgtcteect
cagttcatga
ggaataaata
aatggaaata
agtaggaatc
tgggactget
aagtggcatc
agacaaccac
cttegattag
cttggtgeat
ttttectece
tcaacaacag

atactttgat

34)

76
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2341 ctattctttt tggttatgag agaaatgttg ggcaactgtt tttacctgat ggttttaagc
2401 tgaacttgaa ggactggttc ctattctgaa acagtaaaac tatgtataat agtatatagc
2461 catgcatggc aaatatttta atatttctgt tttcatttce tgttggaaat attatcctgce
2521 ataatagcta ttggaggctc ctcagtgaaa gatcccaaaa ggattttggt ggaaaactag
2581 ttgtaatctc acaaactcaa cactaccatc aggggttttc tttatggcaa agccaaaata
2641 gctcectacaa tttcttatat ccctcecgtcat gtggcagtat ttatttattt atttggaagt
2701 ttgcctatece ttctatattt atagatattt ataaaaatgt aacccctttt tectttette
2761 tgtttaaaat aaaaataaaa tttatctcag cttctgttag cttatcctet ttgtagtact
2821 acttaaaagc atgtcggaat ataagaataa aaaggattat gggaggggaa cattagggaa
2881 atccagagaa ggcaaaattg aaaaaaagat tttagaattt taaaattttc aaagatttct
2941 tccattcata aggagactca atgattttaa ttgatctaga cagaattatt taagttttat
3001 caatattgga tttctggt
FGF23 amino acid sequence (NP_065689)
(SEQ ID NO: 35)
1 MLGARLRLWV CALCSVCSMS VLRAYPNASP LLGSSWGGLI HLYTATARNS YHLQIHKNGH
61 VDGAPHQTIY SALMIRSEDA GFVVITGVMS RRYLCMDFRG NIFGSHYFDP ENCRFQHQTL
121 ENGYDVYHSP QYHFLVSLGR AKRAFLPGMN PPPYSQFLSR RNEIPLIHFN TPIPRRHTRS
181 AEDDSERDPL NVLKPRARMT PAPASCSQEL PSAEDNSPMA SDPLGVVRGG RVNTHAGGTG
241 PEGCRPFAKF I
FGF23 (R179Q) amino acid sequence
(SEQ ID NO: 36)
1 MLGARLRLWV CALCSVCSMS VLRAYPNASP LLGSSWGGLI HLYTATARNS YHLQIHKNGH
61 VDGAPHQTIY SALMIRSEDA GFVVITGVMS RRYLCMDFRG NIFGSHYFDP ENCRFQHQTL
121 ENGYDVYHSP QYHFLVSLGR AKRAFLPGMN PPPYSQFLSR RNEIPLIHFN TPIPRRHTQS
181 AEDDSERDPL NVLKPRARMT PAPASCSQEL PSAEDNSPMA SDPLGVVRGG RVNTHAGGTG
241 PEGCRPFAKF I
Human beta-Klotho domain 1 (b-KL-D1l) amino acid sequence
(SEQ ID NO: 37)
77 ydt fpknffwgig tgalgvegsw kkdgkgpsiw dhfihthlkn
121 vsstngssds yiflekdlsa ldfigvsfyq fsiswprlfp dgivtvanak glgyystlld
181 alvlrniepi vtlyhwdlpl algekyggwk ndtiidifnd yatycfqmfg drvkywitih
241 npylvawhgy gtgmhapgek gnlaavytvg hnlikahskv whnynthfrp hgkgwlsitl
301 gshwiepnrs entmdifkcqg gsmvsvligwf anpihgdgdy pegmrkklfs vlipifseaek
361 hemrgtadff afsfgpnnfk plntmakmgq nvslnlreal nwikleynnp riliaengwf
421 tdsrvktedt taiymmknfl sqgvlgairld eirvigytaw slldgfewqgd aytirrglfy
481 vdfnskgker kpkssahyyk giirengf
Human beta-Klotho domain 2 (b-KL-D2) amino acid sequence
(SEQ ID NO: 38)
571 trpagctdfv nikkglemla rmkvthyrfa
601 ldwasvlptg nlsavnrgal ryyrcvvseg lklgisamvt lyypthahlg lpepllhadg
661 wlnpstaeaf gayaglcfge lgdlvklwit inepnrlsdi ynrsgndtyg aahnllvaha
721 lawrlydrgf rpsgrgavsl slhadwaepa npyadshwra aerflgfela wfaeplfktg

781 dypaamreyi askhrrglss salprlteae rrllkgtvdf calnhfttrf vmheglagsr

841 ydsdrdigfl gditrlsspt rlavipwgvr kllrwvrrny gdmdiyitas giddgaledd



961 vissrgf

Beta-Klotho extracellular domain

52

61 wsknpnftpv
121 vsstngssds
181 alvlrniepi
241 npylvawhgy
301 gshwiepnrs
361 hemrgtadff
421 tdsrvktedt
481 vdfnskgker
541 sspgfsdphl
601 ldwasvlptg
661 wlnpstaeaf
721 lawrlydrgf
781 dypaamreyi
841 ydsdrdigfl
901 rlrkyylgky
961 vissrgfpfe

sKlotho without
peptide)

51 PEAAGLFQGT
101 PGDSRNASLP
151 ISWARVLPNG
201 QDAYGGWANR
251 GRLAPGIRGS
301 HWINPRRMTD
351 DFTESEKKFI
401 IDLEFNHPQI
451 DVIGYTAWSL
501 IEKNGFPPLP
551 VHHSKRLIKV
601 LILPLGNQSQ
651 LARQGAWENP
701 HNLLKAHALA
751 RVLEFDIGWL
801 FDFLALSHYT
851 GLRKVLNWLK

901 AHILDGINLC

79

nesqglflydt
yiflekdlsa
vtlyhwdlpl
gtgmhapgek
entmdifkeq
afsfgpnnfk
taiymmknfl
kpkssahyyk
yvwnatgnrl
nlsavnrgal
gayaglcfqge
rpsgrgavsl
askhrrglss
gditrlsspt
lgevlkayli

nsssresqtq
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901 rlrkyylgky lgevlkayli dkvrikgyya fklaeekskp

fpknffwgig
ldfigvsfyqg
algekyggwk
gnlaavytvg
gsmvsvlgwf
plntmakmgg
sgvlgairld
giirengfsl
lhrvegvrlk
ryyrevvseg
lgdlvklwit
slhadwaepa
salprlteae
rlavipwgvr
dkvrikgyya

entectvclf

(without signal

tgalgvegsw
fsiswprlfp
ndtiidifnd
hnlikahskv
anpihgdgdy
nvslnlreal
eirvigytaw
kestpdvggg
trpagctdfv
lklgisamvt
inepnrlsdi
npyadshwra
rrllkgtvdf
kllrwvrrny
fklaeekskp

1lvgkkpl

rfgfftsdfk

peptide)

kkdgkgpsiw
dgivtvanak
vatycfgmfg
whnynthfrp
pegmrkklfs
nwikleynnp
slldgfewgd
fpcdfswgvt
nikkglemla
lyypthahlg
ynrsgndtyg
aerflgfeia
calnhfttrf
gdmdiyitas

rfgfftsdfk

signal peptide - FGF23 amino acid sequence

FPDGFLWAVG

LGAPSPLQPA

SAGVPNREGL

ALADHFRDYA

PRLGYLVAHN

HSIKECQKSL

KGTADFFALC

FIVENGWFVS

MDGFEWHRGY

ENQPLEGTFP

DGVVTKKRKS

VNHTILQYYR

YTALAFAEYA

WHVYNEKFRH

AEPIFGSGDY

TILVDSEKED

FKYGDLPMYI

GYFAYSFNDR

SAAYQTEGGW

TGDVASDSYN

RYYRRLLERL

ELCFRHFGGQ

LLLAHAKVWH

DFVLGWFAKP

FGPTLSFQLL

GTTKRDDAKY

SIRRGLFYVD

CDFAWGVVDN

YCVDFAAIQP

CMASELVRVN

RLCFQELGHH

AQNGKISIAL

PWVMRDWLNQ

PIKYNDYLEV

ISNGIDDGLH

TAPRFGLYRY

EPGDGAQ

QQHGKGASTW

NVFRDTEALR

RELGVQPVVT

VKYWITIDNP

LYNTSFRPTQ

VFIDGDYPES

DPHMKFRQLE

MYYLKKFIME

FLSQDKMLLP

YIQVDTTLSQ

QIALLQEMHV

ITPVVALWQP

VKLWITMNEP

QADWIEPACP

RNNFLLPYFT

QEMTDITWLN

AEDDQLRVYY

AADQFEPKAS

TWARFSRPPA

DTFTHHPLAP

ELGVTHYRFS

LYHWDLPQRL

YVVAWHGYAT

GGQVSIALSS

MKNNLSSILP

SPNLRQLLSW

TLKAIKLDGV

KSSALFYQKL

FTDLNVYLWD

THFRFSLDWA

MAPNQGLPRL

YTRNMTYSAG

FSQKDKEVAE

EDEKKLIQGT

SPSQVAVVPW

MONYINEALK

MKHYRKIIDS

akssigfynk

(SEQ ID NO:
gfsgdgrai

dhfihthlkn
glgyystlld
drvkywitih
hgkgwlsitl
vipifseaek
riliaengwf
aytirrglfy
esvlkpesva
rmkvthyrfa
lpepllhadg
aahnllvaha
wfaeplfktg
vmheglagsr
giddgaledd

akssigfynk

(without signal

(SEQ ID NO:

amino acid sequence

39)

40)

80



951 NGFPGPETLE
1001 KYPNASPLLG
1051 MIRSEDAGFV
1101 YDVYHSPQYH
1151 PRRHTRSAED
1201 LGVVRGGRVN

sKlotho without
acid sequence

51 PEAAGLFQGT
101 PGDSRNASLP
151 ISWARVLPNG
201 QDAYGGWANR
251 GRLAPGIRGS
301 HWINPRRMTD
351 DFTESEKKFI
401 IDLEFNHPQI
451 DVIGYTAWSL
501 IEKNGFPPLP
551 VHHSKRLIKV
601 LILPLGNQSQ
651 LARQGAWENP
701 HNLLKAHALA
751 RVLEFDIGWL
801 FDFLALSHYT
851 GLRKVLNWLK
901 AHILDGINLC
951 NGFPGPETLE

1001 KYPNASPLLG
1051 MIRSEDAGFV
1101 YDVYHSPQYH
1151 PRRHTQSAED

1201 LGVVRGGRVN

81

SSWGGLIHLY
VITGVMSRRY
FLVSLGRAKR
DSERDPLNVL
THAGGTGPEG

signal pept

FPDGFLWAVG
LGAPSPLQPA
SAGVPNREGL
ALADHFRDYA
PRLGYLVAHN
HSIKECQKSL
KGTADFFALC
FIVENGWFVS
MDGFEWHRGY
ENQPLEGTFP
DGVVTKKRKS
VNHTILQYYR
YTALAFAEYA
WHVYNEKFRH
AEPIFGSGDY
TILVDSEKED
FKYGDLPMYI
GYFAYSFNDR
RFCPEEFTVC
SSWGGLIHLY
VITGVMSRRY
FLVSLGRAKR
DSERDPLNVL

THAGGTGPEG

US 9,475,857 B2
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RFCPEEFTVC TECSFFHTRK SLGSGGGGSG GGGSGGGGSL

TATARNSYHL QIHKNGHVDG APHQTIYSAL

LCMDFRGNIF GSHYFDPENC RFQHQTLENG

AFLPGMNPPP YSQFLSRRNE IPLIHFNTPI

KPRARMTPAP ASCSQELPSA EDNSPMASDP

CRPFAKFI*

ide-FGF23

SAAYQTEGGW

TGDVASDSYN

RYYRRLLERL

ELCFRHFGGQ

LLLAHAKVWH

DFVLGWFAKP

FGPTLSFQLL

GTTKRDDAKY

SIRRGLFYVD

CDFAWGVVDN

YCVDFAAIQP

CMASELVRVN

RLCFQELGHH

AQNGKISIAL

PWVMRDWLNQ

PIKYNDYLEV

ISNGIDDGLH

TAPRFGLYRY

TECSFFHTRK

TATARNSYHL

LCMDFRGNIF

AFLPGMNPPP

KPRARMTPAP

CRPFAKFI*

FGF23 without signal peptide

YPNASP

61 VDGAPHQTIY SALMIRSEDA GFVVITGVMS

121 ENGYDVYHSP QYHFLVSLGR AKRAFLPGMN

181 AEDDSERDPL NVLKPRARMT PAPASCSQEL

241 PEGCRPFAKF

I

(R179Q)

EPGDGAQ

QQHGKGASTW

NVFRDTEALR

RELGVQPVVT

VKYWITIDNP

LYNTSFRPTQ

VFIDGDYPES

DPHMKFRQLE

MYYLKKFIME

FLSQDKMLLP

YIQVDTTLSQ

QIALLQEMHV

ITPVVALWQP

VKLWITMNEP

QADWIEPACP

RNNFLLPYFT

QEMTDITWLN

AEDDQLRVYY

AADQFEPKAS

SLGSGGGGSG

QIHKNGHVDG

GSHYFDPENC

YSQFLSRRNE

ASCSQELPSA

LLGSSWGGLI

RRYLCMDFRG

PPPYSQFLSR

PSAEDNSPMA

(without signal peptide)

(SEQ ID NO:
TWARFSRPPA

DTFTHHPLAP

ELGVTHYRFS

LYHWDLPQRL

YVVAWHGYAT

GGQVSIALSS

MKNNLSSILP

SPNLRQLLSW

TLKAIKLDGV

KSSALFYQKL

FTDLNVYLWD

THFRFSLDWA

MAPNQGLPRL

YTRNMTYSAG

FSQKDKEVAE

EDEKKLIQGT

SPSQVAVVPW

MONYINEALK

MKHYRKIIDS

GGGSGGGGSL

APHQTIYSAL

RFQHQTLENG

IPLIHFNTPI

EDNSPMASDP

(SEQ ID NO:
HLYTATARNS YHLQIHKNGH

NIFGSHYFDP ENCRFQHQTL

RNEIPLIHFN TPIPRRHTRS

SDPLGVVRGG RVNTHAGGTG

amino

41)

42)
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US 9,475,857 B2

-continued

FGF23 (R179Q) without signal peptide

61 VDGAPHQTIY

121 ENGYDVYHSP

181 AEDDSERDPL

241 PEGCRPFAKF

SALMIRSEDA

QYHFLVSLGR

NVLKPRARMT

I

sKlotho with Klotho signal

1 MPASAPPRRP

51 PEAAGLFQGT

101 PGDSRNASLP

151 ISWARVLPNG

201 QDAYGGWANR

251 GRLAPGIRGS

301 HWINPRRMTD

351 DFTESEKKFI

401 IDLEFNHPQI

451 DVIGYTAWSL

501 IEKNGFPPLP

551 VHHSKRLIKV

601 LILPLGNQSQ

651 LARQGAWENP

701 HNLLKAHALA

751 RVLEFDIGWL

801 FDFLALSHYT

851 GLRKVLNWLK

901 AHILDGINLC

951 NGFPGPETLE

RPPPPSLSLL

FPDGFLWAVG

LGAPSPLQPA

SAGVPNREGL

ALADHFRDYA

PRLGYLVAHN

HSIKECQKSL

KGTADFFALC

FIVENGWFVS

MDGFEWHRGY

ENQPLEGTFP

DGVVTKKRKS

VNHTILQYYR

YTALAFAEYA

WHVYNEKFRH

AEPIFGSGDY

TILVDSEKED

FKYGDLPMYI

GYFAYSFNDR

RFCPEEFTVC

YPNASP
GFVVITGVMS
AKRAFLPGMN

PAPASCSQEL

peptide

LVLLGLGGRR
SAAYQTEGGW
TGDVASDSYN
RYYRRLLERL
ELCFRHFGGQ
LLLAHAKVWH
DFVLGWFAKP
FGPTLSFQLL
GTTKRDDAKY
SIRRGLFYVD
CDFAWGVVDN
YCVDFAAIQP
CMASELVRVN
RLCFQELGHH
AQNGKISIAL
PWVMRDWLNQ
PIKYNDYLEV
ISNGIDDGLH
TAPRFGLYRY

TECSFFHTRK

sKlotho with IgG Signal peptide

1 MSVLTQVLAL LLLWLTGLGG RRLRAEPGDG

51 GTFPDGFLWA

101 LPLGAPSPLQ

151 NGSAGVPNRE

201 NRALADHFRD

251 GSPRLGYLVA

301 TDHSIKECQK

351 FIKGTADFFA

401 QIFIVENGWF

451 SLMDGFEWHR

501 LPENQPLEGT

551 KVDGVVTKKR

VGSAAYQTEG

PATGDVASDS

GLRYYRRLLE

YAELCFRHFG

HNLLLAHAKV

SLDFVLGWFA

LCFGPTLSFQ

VSGTTKRDDA

GYSIRRGLFY

FPCDFAWGVV

KSYCVDFAAI

GWQQHGKGAS

YNNVFRDTEA

RLRELGVQPV

GQVKYWITID

WHLYNTSFRP

KPVFIDGDYP

LLDPHMKFRQ

KYMYYLKKFI

VDFLSQDKML

DNYIQVDTTL

QPQIALLQEM

LLGSSWGGLI

RRYLCMDFRG

PPPYSQFLSR

PSAEDNSPMA

LRAEPGDGAQ

QQHGKGASTW

NVFRDTEALR

RELGVQPVVT

VKYWITIDNP

LYNTSFRPTQ

VFIDGDYPES

DPHMKFRQLE

MYYLKKFIME

FLSQDKMLLP

YIQVDTTLSQ

QIALLQEMHV

ITPVVALWQP

VKLWITMNEP

QADWIEPACP

RNNFLLPYFT

QEMTDITWLN

AEDDQLRVYY

AADQFEPKAS

SL

AQTWARFSRP

IWDTFTHHPL

LRELGVTHYR

VTLYHWDLPQ

NPYVVAWHGY

TQGGQVSIAL

ESMKNNLSSI

LESPNLRQLL

METLKAIKLD

LPKSSALFYQ

SQFTDLNVYL

HVTHFRFSLD

(SEQ ID NO:
HLYTATARNS YHLQIHKNGH

NIFGSHYFDP ENCRFQHQTL
RNEIPLIHFN TPIPRRHTQS

SDPLGVVRGG RVNTHAGGTG

(SEQ ID NO:
TWARFSRPPA

DTFTHHPLAP
ELGVTHYRFS
LYHWDLPQRL
YVVAWHGYAT
GGQVSIALSS
MKNNLSSILP
SPNLRQLLSW
TLKAIKLDGV
KSSALFYQKL
FTDLNVYLWD
THFRFSLDWA
MAPNQGLPRL
YTRNMTYSAG
FSQKDKEVAE
EDEKKLIQGT
SPSQVAVVPW
MONYINEALK

MKHYRKIIDS

(SEQ ID NO:
PAPEAAGLFQ

APPGDSRNAS
FSISWARVLP
RLODAYGGWA
ATGRLAPGIR
SSHWINPRRM
LPDFTESEKK
SWIDLEFNHP
GVDVIGYTAW
KLIEKNGFPP
WDVHHSKRLI

WALILPLGNQ

43)

44)

45)
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601 SQVNHTILQY

651 NPYTALAFAE

701 LAWHVYNEKF

751 WLAEPIFGSG

801 YTTILVDSEK

851 LKFKYGDLPM

901 LCGYFAYSFN

951 LERFCPEEFT

85

YRCMASELVR

YARLCFQELG

RHAQNGKISI

DYPWVMRDWL

EDPIKYNDYL

YIISNGIDDG

DRTAPRFGLY

VCTECSFFHT

sKlotho-FGF23-FcLALA vl

1 ATGCCCGCCA

61 CTGGTGCTGC

121 ACCTGGGCCC

181 TTCCCCGACG

241 CAGCAGCACG

301 CCGGGAGACT

361 ACCGGGGACG

421 GAGCTCGGGG

481 AGCGCGGGCG

541 CGGGAGCTGG

601 CAGGACGCCT

661 GAGCTCTGCT

721 TACGTGGTGG

781 CCGCGGCTCG

841 CTCTACAATA

901 CACTGGATCA

961 GACTTTGTAC

1021 ATGAAGAATA

1081 AAAGGAACTG

1141 GACCCTCACA

1201 ATTGACCTTG

1261 GGGACCACCA

1321 ACCTTAAAAG

1381 ATGGATGGTT

1441 TTTCTAAGCC

1501 ATAGAGAAAA

1561 TGTGACTTTG

1621 TTTACCGACC

1681 GATGGGGTTG

1741 CAGATCGCTT

1801 CTGATTCTCC

1861 TGCATGGCCA

GCGCCeeaee

TGGGCCTGGG

GTTTCTCGCG

GCTTCCTCTG

GCAAGGGTGC

CCCGGAACGC

TAGCCAGCGA

TCACTCACTA

TCCCCAACCG

GCGTGCAGCC

ACGGCGGCTG

TCCGCCACTT

CCTGGCACGG

GGTACCTGGT

CTTCTTTCCG

ATCCTCGAAG

TAGGTTGGTT

ACCTTTCATC

CTGACTTTTT

TGAAGTTCCG

AATTTAACCA

AGAGAGATGA

CCATCAAGCT

TCGAGTGGCA

AGGACAAGAT

ATGGCTTCCC

CTTGGGGAGT

TGAATGTTTA

TGACCAAGAA

TACTCCAGGA

CTCTGGGTAA

GCGAGCTTGT

US 9,475,857 B2

-continued

VNITPVVALW

HHVKLWITMN

ALQADWIEPA

NORNNFLLPY

EVQEMTDITW

LHAEDDQLRV

RYAADQFEPK

RKSL*

GCGCCGCCCa

CGGCCGCCGC

GCCTCCTGCC

GGCCGTGGGC

GTCCATCTGG

CAGTCTGCCG

CAGCTACAAC

CCGCTTCTCC

CGAGGGGCTG

CGTGGTCACC

GGCCAACCGC

CGGCGGTCAG

CTACGCCACC

GGCGCACAAC

TCCCACTCAG

AATGACCGAC

TGCCAAACCC

TATTCTGCCT

TGCTCTTTGC

CCAATTGGAA

TCCTCAAATA

TGCCAAATAT

GGATGGGGTG

CAGAGGTTAC

GTTGTTGCCA

TCCTTTACCT

TGTTGACAAC

CCTGTGGGAT

GAGGAAATCC

AATGCACGTT

CCAGTCCCAG

CCGTGTCAAC

QPMAPNQGLP

EPYTRNMTYS

CPFSQKDKEV

FTEDEKKLIQ

LNSPSQVAVV

YYMONYINEA

ASMKHYRKII

CGGCCGCCGC

CTGCGTGCGG

CCCGAGGCCG

AGCGCCGCCT

GATACGTTCA

TTGGGCGCCC

AACGTCTTCC

ATCTCGTGGG

CGCTACTACC

CTGTACCACT

GCCCTGGCCG

GTCAAGTACT

GGGCGCCTGG

CTCCTCCTGG

GGAGGTCAGG

CACAGCATCA

GTATTTATTG

GATTTTACTG

TTTGGACCCA

TCTCCCAACC

TTTATTGTGG

ATGTATTACC

GATGTCATCG

AGCATCAGGC

AAGTCTTCAG

GAAAATCAGC

TACATTCAAG

GTCCACCACA

TACTGTGTTG

ACACATTTTC

GTGAACCACA

ATCACCCCAG

RLLARQGAWE

AGHNLLKAHA

AERVLEFDIG

GTFDFLALSH

PWGLRKVLNW

LKAHILDGIN

DSNGFPGPET

CGCCGTCGCT

AGCCGGGCGA

CGGGCCTCTT

ACCAGACCGA

CCCACCACCC

CGTCGCCGCT

GCGACACGGA

CGCGAGTGCT

GGCGCCTGCT

GGGACCTGCC

ACCACTTCAG

GGATCACCAT

CCCCCGGCAT

CTCATGCCAA

TGTCCATTGC

AAGAATGTCA

ATGGTGACTA

AATCTGAGAA

CCTTGAGTTT

TGAGGCAACT

AAAATGGCTG

TCAAARAAGTT

GGTATACCGC

GTGGACTCTT

CCTTGTTCTA

CCCTAGAAGG

TAGATACCAC

GTAAAAGGCT

ACTTTGCTGC

GCTTCTCCCT

CCATCCTGCA

TGGTGGCCCT

(SEQ ID NO:
GTCGCTGCTG

CGGCGCGCAG
CCAGGGCACC
GGGCGGCTGG
CCTGGCACCC
GCAGCCCGCC
GGCGCTGCGC
CCCCAATGGC
GGAGCGGCTG
CCAGCGCCTG
GGATTACGCG
CGACAACCCC
CCGGGGCAGC
AGTCTGGCAT
CCTAAGCTCT
AAAATCTCTG
TCCCGAGAGC
AAAGTTCATC
TCAACTTTTG
GCTTTCCTGG
GTTTGTCTCA
CATCATGGAA
ATGGTCCCTC
CTATGTTGAC
CCAAAAGCTG
GACATTTCCC
TCTGTCTCAG
TATTAAAGTG
CATCCAGCCC
GGACTGGGCC
GTACTATCGC

GTGGCAGCCT

46)
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1921 ATGGCCCCGA

1981 TACACTGCCC

2041 GTCAAGCTTT

2101 CACAACCTTC

2161 GCTCAGAATG

2221 TTCTCCCAAA

2281 GCTGAGCCCA

2341 AGAAACAATT

2401 TTTGACTTTT

2461 CCAATAAAAT

2521 TCCCCCAGTC

2581 TTCAAGTACG

2641 GCTGAGGACG

2701 GCCCACATAC

2761 ACAGCTCCGA

2821 ATGAAACATT

2881 AGATTTTGTC

2941 TCTTTAGGAT

3001 AAGTATCCCA

3061 ACAGCCACAG

3121 GCACCCCATC

3181 GTGATTACAG

3241 GGATCACACT

3301 TACGACGTCT

3361 GCCTTCCTGC

3421 ATCCCCCTAA

3481 GACTCGGAGC

3541 GCCTCCTGTT

3601 TTAGGGGTGG

3661 TGCCGCCCCT

3721 TGTCCTGCCC

3781 GATACGCTGA

3841 GAAGATCCCG

3901 ACTAAGCCGC

3961 CTGCACCAGG

4021 CCCGCGCCTA

4081 TACACTCTCC

4141 GTCAAAGGAT

4201 AACAACTACA

4261 AAGCTGACCG

87

ACCAAGGACT

TGGCCTTTGC

GGATAACGAT

TGAAGGCCCA

GGAAAATATC

AGGACAAAGA

TTTTCGGCTC

TTCTTCTTCC

TGGCTTTAAG

ACAATGATTA

AGGTGGCGGT

GAGACCTCCC

ACCAGCTGAG

TGGATGGTAT

GGTTTGGCCT

ACAGGAAAAT

CAGAAGAATT

CCGGAGGTGG

ATGCCTCCCC

CCAGGAACAG

AGACCATCTA

GTGTGATGAG

ATTTCGACCC

ACCACTCTCC

CAGGCATGAA

TTCACTTCAA

GGGACCCCCT

CACAGGAGCT

TCAGGGGCGG

TCGCCAAGTT

CAGAAGCAGC

TGATCTCTCG

AGGTGAAGTT

GCGAGGAACA

ACTGGCTGAA

TTGAGAAAAC

CGCCTTCCAG

TCTACCCTTC

AGACAACACC

TGGATAAGTC

US 9,475,857 B2

-continued

GCCGCGCCTC

AGAGTATGCC

GAATGAGCCG

TGCCCTGGCT

CATAGCCTTG

GGTGGCCGAG

TGGAGATTAT

TTATTTCACT

CCATTATACC

CCTAGAAGTG

AGTGCCCTGG

CATGTACATA

GGTGTATTAT

CAATCTTTGC

CTATCGTTAT

TATTGACAGC

CACCGTGTGT

AGGTTCAGGA

ACTGCTCGGC

CTACCACCTG

CAGTGCCCTG

CAGAAGATAC

GGAGAACTGC

TCAGTATCAC

CCCACCCCCG

CACCCCCATA

GAACGTGCTG

CCCGAGCGCC

TCGAGTGAAC

CATCGGAGGT

AGGTGGTCCA

CACGCCTGAG

CAATTGGTAT

ATATAACAGT

CGGTAAGGAA

AATCTCCAAG

GGAAGAGATG

CGACATTGCT

CCCGGTGCTG

CAGGTGGCAG

CTGGCCAGGC

CGACTGTGCT

TATACAAGGA

TGGCATGTGT

CAGGCTGATT

AGAGTTTTGG

CCATGGGTGA

GAAGATGAAA

ACCATCCTTG

CAAGAAATGA

GGGTTGCGCA

ATATCCAACG

ATGCAGAATT

GGATACTTTG

GCTGCAGATC

AATGGTTTCC

ACTGAGTGCA

GGTGGAGGTT

TCCAGCTGGG

CAGATCCACA

ATGATCAGAT

CTCTGCATGG

AGGTTCCAAC

TTCCTGGTCA

TACTCCCAGT

CCACGGCGGC

AAGCCCCGGG

GAGGACAACA

ACGCACGCTG

GGAGGTTCAA

TCAGTTTTTC

GTGACATGCG

GTGGACGGAG

ACTTACAGGG

TACAAGTGCA

GCGAAGGGAC

ACCAAAAATC

GTTGAATGGG

GATAGTGACG

CAGGGAAACG

AGGGCGCCTG

TTCAAGAGCT

ATATGACATA

ACAATGAAAR

GGATAGAACC

AATTTGACAT

TGAGGGACTG

AAAAGCTAAT

TAGACTCAGA

CCGACATCAC

AAGTGCTGAA

GAATCGATGA

ACATAAACGA

CTTATTCGTT

AGTTTGAGCC

CGGGCCCAGA

GTTTTTTTCA

CAGGAGGTGG

GTGGCCTGAT

AGAATGGCCA

CAGAGGATGC

ATTTCAGAGG

ACCAGACGCT

GTCTGGGCCG

TCCTGTCCCG

ACACCCAGAG

CCCGGATGAC

GCCCGATGGC

GGGGAACGGG

AAACCCACAC

TTTTCCCTCC

TCGTAGTAGA

TAGAAGTGCA

TGGTATCCGT

AAGTAAGCAA

AACCAAGAGA

AAGTTTCCCT

AAAGCAATGG

GATCTTTCTT

TGTTTTCCTG

GGAGAACCCC

CGGCCATCAC

CAGTGCTGGC

GTTTAGGCAT

TGCCTGCCCT

TGGCTGGCTG

GCTGAACCAA

CCAGGGTACC

AAAAGAAGAT

GTGGCTCAAC

CTGGCTGAAG

CGGGCTGCAT

AGCTCTCAAA

TAACGACCGC

CAAGGCATCC

AACTCTGGAA

CACCCGAAAG

AGGTTCACTT

CCACCTGTAC

TGTGGATGGC

TGGCTTTGTG

CAACATTTTT

GGAAAACGGG

GGCGAAGAGA

GAGGAACGAG

CGCCGAGGAC

CCCaGeeeca

CAGTGACCCA

CCCGGAAGGC

GTGTCCTCCT

CAAACCCAAG

CGTGAGCCAC

TAACGCGAAA

GCTCACAGTC

CAAGGCACTT

ACCTCAGGTT

GACTTGCCTC

ACAACCAGAG

TCTCTACTCA

CTCTGTCATG

88
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sKlotho-FGF23-FcLALA vl

1 MPASAPPRRP

51 PEAAGLFQGT

101 PGDSRNASLP

151 ISWARVLPNG

201 QDAYGGWANR

251 GRLAPGIRGS

301 HWINPRRMTD

351 DFTESEKKFI

401 IDLEFNHPQI

451 DVIGYTAWSL

501 IEKNGFPPLP

551 VHHSKRLIKV

601 LILPLGNQSQ

651 LARQGAWENP

701 HNLLKAHALA

751 RVLEFDIGWL

801 FDFLALSHYT

851 GLRKVLNWLK

901 AHILDGINLC

951 NGFPGPETLE

1001 KYPNASPLLG

1051 MIRSEDAGFV

1101 YDVYHSPQYH

1151 PRRHTQSAED

1201 LGVVRGGRVN

1251 SVFLFPPKPK

1301 TKPREEQYNS

1351 AKGQPREPQV

1401 NNYKTTPPVL

1451 KSLSLSPGK*

RPPPPSLSLL

FPDGFLWAVG

LGAPSPLQPA

SAGVPNREGL

ALADHFRDYA

PRLGYLVAHN

HSIKECQKSL

KGTADFFALC

FIVENGWFVS

MDGFEWHRGY

ENQPLEGTFP

DGVVTKKRKS

VNHTILQYYR

YTALAFAEYA

WHVYNEKFRH

AEPIFGSGDY

TILVDSEKED

FKYGDLPMYI

GYFAYSFNDR

RFCPEEFTVC

SSWGGLIHLY

VITGVMSRRY

FLVSLGRAKR

DSERDPLNVL

THAGGTGPEG

DTLMISRTPE

TYRVVSVLTV

YTLPPSREEM

DSDGSFFLYS

sKlotho-FGF23-FcLALA v2

1 ATGCCCGCCA

61 CTGGTGCTGC

121 ACCTGGGCCC

181 TTCCCCGACG

241 CAGCAGCACG

301 CCGGGAGACT

361 ACCGGGGACG

421 GAGCTCGGGG

GCGCCeeaee

TGGGCCTGGG

GTTTCTCGCG

GCTTCCTCTG

GCAAGGGTGC

CCCGGAACGC

TAGCCAGCGA

TCACTCACTA

US 9,475,857 B2

-continued
4321 CATGAAGCGC TGCATAATCA CTATACCCAG AAGTCTCTGA

LVLLGLGGRR

SAAYQTEGGW

TGDVASDSYN

RYYRRLLERL

ELCFRHFGGQ

LLLAHAKVWH

DFVLGWFAKP

FGPTLSFQLL

GTTKRDDAKY

SIRRGLFYVD

CDFAWGVVDN

YCVDFAAIQP

CMASELVRVN

RLCFQELGHH

AQNGKISIAL

PWVMRDWLNQ

PIKYNDYLEV

ISNGIDDGLH

TAPRFGLYRY

TECSFFHTRK

TATARNSYHL

LCMDFRGNIF

AFLPGMNPPP

KPRARMTPAP

CRPFAKFIGG

VTCVVVDVSH

LHQDWLNGKE

TKNQVSLTCL

KLTVDKSRWQ

GCGCCGCCCa

CGGCCGCCGC

GCCTCCTGCC

GGCCGTGGGC

GTCCATCTGG

CAGTCTGCCG

CAGCTACAAC

CCGCTTCTCC

LRAEPGDGAQ

QQHGKGASTW

NVFRDTEALR

RELGVQPVVT

VKYWITIDNP

LYNTSFRPTQ

VFIDGDYPES

DPHMKFRQLE

MYYLKKFIME

FLSQDKMLLP

YIQVDTTLSQ

QIALLQEMHV

ITPVVALWQP

VKLWITMNEP

QADWIEPACP

RNNFLLPYFT

QEMTDITWLN

AEDDQLRVYY

AADQFEPKAS

SLGSGGGGSG

QIHKNGHVDG

GSHYFDPENC

YSQFLSRRNE

ASCSQELPSA

GGSKTHTCPP

EDPEVKFNWY

YKCKVSNKAL

VKGFYPSDIA

QGNVFSCSVM

CGGCCGCCGC

CTGCGTGCGG

CCCGAGGCCG

AGCGCCGCCT

GATACGTTCA

TTGGGCGCCC

AACGTCTTCC

ATCTCGTGGG

GCTTGAGCCC AGGCAAGTAA

TWARFSRPPA

DTFTHHPLAP

ELGVTHYRFS

LYHWDLPQRL

YVVAWHGYAT

GGQVSIALSS

MKNNLSSILP

SPNLRQLLSW

TLKAIKLDGV

KSSALFYQKL

FTDLNVYLWD

THFRFSLDWA

MAPNQGLPRL

YTRNMTYSAG

FSQKDKEVAE

EDEKKLIQGT

SPSQVAVVPW

MONYINEALK

MKHYRKIIDS

GGGSGGGGSL

APHQTIYSAL

RFQHQTLENG

IPLIHFNTPI

EDNSPMASDP

CPAPEAAGGP

VDGVEVHNAK

PAPIEKTISK

VEWESNGQPE

HEALHNHYTQ

CGCCGTCGCT

AGCCGGGCGA

CGGGCCTCTT

ACCAGACCGA

CCCACCACCC

CGTCGCCGCT

GCGACACGGA

CGCGAGTGCT

(SEQ ID NO:

(SEQ ID NO:
GTCGCTGCTG

CGGCGCGCAG
CCAGGGCACC
GGGCGGCTGG
CCTGGCACCC
GCAGCCCGCC
GGCGCTGCGC

CCCCAATGGC

47)

48)
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481 AGCGCGGGCG

541 CGGGAGCTGG

601 CAGGACGCCT

661 GAGCTCTGCT

721 TACGTGGTGG

781 CCGCGGCTCG

841 CTCTACAATA

901 CACTGGATCA

961 GACTTTGTAC

1021 ATGAAGAATA

1081 AAAGGAACTG

1141 GACCCTCACA

1201 ATTGACCTTG

1261 GGGACCACCA

1321 ACCTTAAAAG

1381 ATGGATGGTT

1441 TTTCTAAGCC

1501 ATAGAGAAAA

1561 TGTGACTTTG

1621 TTTACCGACC

1681 GATGGGGTTG

1741 CAGATCGCTT

1801 CTGATTCTCC

1861 TGCATGGCCA

1921 ATGGCCCCGA

1981 TACACTGCCC

2041 GTCAAGCTTT

2101 CACAACCTTC

2161 GCTCAGAATG

2221 TTCTCCCAAA

2281 GCTGAGCCCA

2341 AGAAACAATT

2401 TTTGACTTTT

2461 CCAATAAAAT

2521 TCCCCCAGTC

2581 TTCAAGTACG

2641 GCTGAGGACG

2701 GCCCACATAC

2761 ACAGCTCCGA

2821 ATGAAACATT

91

TCCCCAACCG
GCGTGCAGCC
ACGGCGGCTG
TCCGCCACTT
CCTGGCACGG
GGTACCTGGT
CTTCTTTCCG
ATCCTCGAAG
TAGGTTGGTT
ACCTTTCATC
CTGACTTTTT
TGAAGTTCCG
AATTTAACCA
AGAGAGATGA
CCATCAAGCT
TCGAGTGGCA
AGGACAAGAT
ATGGCTTCCC
CTTGGGGAGT
TGAATGTTTA
TGACCAAGAA
TACTCCAGGA
CTCTGGGTAA
GCGAGCTTGT
ACCAAGGACT
TGGCCTTTGC
GGATAACGAT
TGAAGGCCCA
GGAAAATATC
AGGACAAAGA
TTTTCGGCTC
TTCTTCTTCC
TGGCTTTAAG
ACAATGATTA
AGGTGGCGGT
GAGACCTCCC
ACCAGCTGAG
TGGATGGTAT
GGTTTGGCCT

ACAGGAAAAT

US 9,475,857 B2

-continued

CGAGGGGCTG

CGTGGTCACC

GGCCAACCGC

CGGCGGTCAG

CTACGCCACC

GGCGCACAAC

TCCCACTCAG

AATGACCGAC

TGCCAAACCC

TATTCTGCCT

TGCTCTTTGC

CCAATTGGAA

TCCTCAAATA

TGCCAAATAT

GGATGGGGTG

CAGAGGTTAC

GTTGTTGCCA

TCCTTTACCT

TGTTGACAAC

CCTGTGGGAT

GAGGAAATCC

AATGCACGTT

CCAGTCCCAG

CCGTGTCAAC

GCCGCGCCTC

AGAGTATGCC

GAATGAGCCG

TGCCCTGGCT

CATAGCCTTG

GGTGGCCGAG

TGGAGATTAT

TTATTTCACT

CCATTATACC

CCTAGAAGTG

AGTGCCCTGG

CATGTACATA

GGTGTATTAT

CAATCTTTGC

CTATCGTTAT

TATTGACAGC

CGCTACTACC

CTGTACCACT

GCCCTGGCCG

GTCAAGTACT

GGGCGCCTGG

CTCCTCCTGG

GGAGGTCAGG

CACAGCATCA

GTATTTATTG

GATTTTACTG

TTTGGACCCA

TCTCCCAACC

TTTATTGTGG

ATGTATTACC

GATGTCATCG

AGCATCAGGC

AAGTCTTCAG

GAAAATCAGC

TACATTCAAG

GTCCACCACA

TACTGTGTTG

ACACATTTTC

GTGAACCACA

ATCACCCCAG

CTGGCCAGGC

CGACTGTGCT

TATACAAGGA

TGGCATGTGT

CAGGCTGATT

AGAGTTTTGG

CCATGGGTGA

GAAGATGAAA

ACCATCCTTG

CAAGAAATGA

GGGTTGCGCA

ATATCCAACG

ATGCAGAATT

GGATACTTTG

GCTGCAGATC

AATGGTTTCC

GGCGCCTGCT

GGGACCTGCC

ACCACTTCAG

GGATCACCAT

CCCCCGGCAT

CTCATGCCAA

TGTCCATTGC

AAGAATGTCA

ATGGTGACTA

AATCTGAGAA

CCTTGAGTTT

TGAGGCAACT

AAAATGGCTG

TCAAARAAGTT

GGTATACCGC

GTGGACTCTT

CCTTGTTCTA

CCCTAGAAGG

TAGATACCAC

GTAAAAGGCT

ACTTTGCTGC

GCTTCTCCCT

CCATCCTGCA

TGGTGGCCCT

AGGGCGCCTG

TTCAAGAGCT

ATATGACATA

ACAATGAAAR

GGATAGAACC

AATTTGACAT

TGAGGGACTG

AAAAGCTAAT

TAGACTCAGA

CCGACATCAC

AAGTGCTGAA

GAATCGATGA

ACATAAACGA

CTTATTCGTT

AGTTTGAGCC

CGGGCCCAGA

GGAGCGGCTG

CCAGCGCCTG

GGATTACGCG

CGACAACCCC

CCGGGGCAGC

AGTCTGGCAT

CCTAAGCTCT

AAAATCTCTG

TCCCGAGAGC

AAAGTTCATC

TCAACTTTTG

GCTTTCCTGG

GTTTGTCTCA

CATCATGGAA

ATGGTCCCTC

CTATGTTGAC

CCAAAAGCTG

GACATTTCCC

TCTGTCTCAG

TATTAAAGTG

CATCCAGCCC

GGACTGGGCC

GTACTATCGC

GTGGCAGCCT

GGAGAACCCC

CGGCCATCAC

CAGTGCTGGC

GTTTAGGCAT

TGCCTGCCCT

TGGCTGGCTG

GCTGAACCAA

CCAGGGTACC

AAAAGAAGAT

GTGGCTCAAC

CTGGCTGAAG

CGGGCTGCAT

AGCTCTCAAA

TAACGACCGC

CAAGGCATCC

AACTCTGGAA

92



2881 AGATTTTGTC

2941 TCTTTAGGAT

3001 AAGTATCCCA

3061 ACAGCCACAG

3121 GCACCCCATC

3181 GTGATTACAG

3241 GGATCACACT

3301 TACGACGTCT

3361 GCCTTCCTGC

3421 ATCCCCCTAA

3481 GACTCGGAGC

3541 GCCTCCTGTT

3601 TTAGGGGTGG

3661 TGCCGCCCCT

3721 CCATCAGTTT

3781 GAGGTGACAT

3841 TATGTGGACG

3901 AGTACTTACA

3961 GAATACAAGT

4021 AAGGCGAAGG

4081 ATGACCAAAA

4141 GCTGTTGAAT

4201 CTGGATAGTG

4261 CAGCAGGGAA

4321 CAGAAGTCTC

93

CAGAAGAATT
CCGGAGGTGG
ATGCCTCCCC
CCAGGAACAG
AGACCATCTA
GTGTGATGAG
ATTTCGACCC
ACCACTCTCC
CAGGCATGAA
TTCACTTCAA
GGGACCCCCT
CACAGGAGCT
TCAGGGGCGG
TCGCCAAGTT
TTCTTTTCCC
GCGTCGTAGT
GAGTAGAAGT
GGGTGGTATC
GCAAAGTAAG
GACAACCAAG
ATCAAGTTTC
GGGAAAGCAA
ACGGATCTTT
ACGTGTTTTC

TGAGCTTGAG

sKlotho-FGF23-FcLALA v2

1 MPASAPPRRP

51 PEAAGLFQGT

101 PGDSRNASLP

151 ISWARVLPNG

201 QDAYGGWANR

251 GRLAPGIRGS

301 HWINPRRMTD

351 DFTESEKKFI

401 IDLEFNHPQI

451 DVIGYTAWSL

501 IEKNGFPPLP

551 VHHSKRLIKV

601 LILPLGNQSQ

651 LARQGAWENP

701 HNLLKAHALA

RPPPPSLSLL

FPDGFLWAVG

LGAPSPLQPA

SAGVPNREGL

ALADHFRDYA

PRLGYLVAHN

HSIKECQKSL

KGTADFFALC

FIVENGWFVS

MDGFEWHRGY

ENQPLEGTFP

DGVVTKKRKS

VNHTILQYYR

YTALAFAEYA

WHVYNEKFRH
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CACCGTGTGT

AGGTTCAGGA

ACTGCTCGGC

CTACCACCTG

CAGTGCCCTG

CAGAAGATAC

GGAGAACTGC

TCAGTATCAC

CCCACCCCCG

CACCCCCATA

GAACGTGCTG

CCCGAGCGCC

TCGAGTGAAC

CATCGGAGGT

TCCCAAACCC

AGACGTGAGC

GCATAACGCG

CGTGCTCACA

CAACAAGGCA

AGAACCTCAG

CCTGACTTGC

TGGACAACCA

CTTTCTCTAC

CTGCTCTGTC

CCCAGGCAAG

LVLLGLGGRR

SAAYQTEGGW

TGDVASDSYN

RYYRRLLERL

ELCFRHFGGQ

LLLAHAKVWH

DFVLGWFAKP

FGPTLSFQLL

GTTKRDDAKY

SIRRGLFYVD

CDFAWGVVDN

YCVDFAAIQP

CMASELVRVN

RLCFQELGHH

AQNGKISIAL

ACTGAGTGCA

GGTGGAGGTT

TCCAGCTGGG

CAGATCCACA

ATGATCAGAT

CTCTGCATGG

AGGTTCCAAC

TTCCTGGTCA

TACTCCCAGT

CCACGGCGGC

AAGCCCCGGG

GAGGACAACA

ACGCACGCTG

GGAGGTTCAG

AAGGATACGC

CACGAAGATC

AAAACTAAGC

GTCCTGCACC

CTTCCCGCGC

GTTTACACTC

CTCGTCAAAG

GAGAACAACT

TCAAAGCTGA

ATGCATGAAG

TAA

LRAEPGDGAQ

QQHGKGASTW

NVFRDTEALR

RELGVQPVVT

VKYWITIDNP

LYNTSFRPTQ

VFIDGDYPES

DPHMKFRQLE

MYYLKKFIME

FLSQDKMLLP

YIQVDTTLSQ

QIALLQEMHV

ITPVVALWQP

VKLWITMNEP

QADWIEPACP

GTTTTTTTCA

CAGGAGGTGG

GTGGCCTGAT

AGAATGGCCA

CAGAGGATGC

ATTTCAGAGG

ACCAGACGCT

GTCTGGGCCG

TCCTGTCCCG

ACACCCAGAG

CCCGGATGAC

GCCCGATGGC

GGGGAACGGG

CCCCAGAAGC

TGATGATCTC

CCGAGGTGAA

CGCGCGAGGA

AGGACTGGCT

CTATTGAGAA

TCCCGCCTTC

GATTCTACCC

ACAAGACAAC

CCGTGGATAA

CGCTGCATAA

TWARFSRPPA

DTFTHHPLAP

ELGVTHYRFS

LYHWDLPQRL

YVVAWHGYAT

GGQVSIALSS

MKNNLSSILP

SPNLRQLLSW

TLKAIKLDGV

KSSALFYQKL

FTDLNVYLWD

THFRFSLDWA

MAPNQGLPRL

YTRNMTYSAG

FSQKDKEVAE

CACCCGAAAG
AGGTTCACTT
CCACCTGTAC
TGTGGATGGC
TGGCTTTGTG
CAACATTTTT
GGAAAACGGG
GGCGAAGAGA
GAGGAACGAG
CGCCGAGGAC
CCCaGeeeca
CAGTGACCCA
CCCGGAAGGC
AGCAGGTGGT
TCGCACGCCT
GTTCAATTGG
ACAATATAAC
GAACGGTAAG
AACAATCTCC
CAGGGAAGAG
TTCCGACATT
ACCCCCGGTG
GTCCAGGTGG

TCACTATACC

(SEQ ID NO:

49)

94
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751 RVLEFDIGWL AEPIFGSGDY PWVMRDWLNQ RNNFLLPYFT EDEKKLIQGT
801 FDFLALSHYT TILVDSEKED PIKYNDYLEV QEMTDITWLN SPSQVAVVPW
851 GLRKVLNWLK FKYGDLPMYI ISNGIDDGLH AEDDQLRVYY MQNYINEALK
901 AHILDGINLC GYFAYSFNDR TAPRFGLYRY AADQFEPKAS MKHYRKIIDS
951 NGFPGPETLE RFCPEEFTVC TECSFFHTRK SLGSGGGGSG GGGSGGGGSL

1001 KYPNASPLLG SSWGGLIHLY TATARNSYHL QIHKNGHVDG APHQTIYSAL

1051 MIRSEDAGFV VITGVMSRRY LCMDFRGNIF GSHYFDPENC RFQHQTLENG

1101 YDVYHSPQYH FLVSLGRAKR AFLPGMNPPP YSQFLSRRNE IPLIHFNTPI

1151 PRRHTQSAED DSERDPLNVL KPRARMTPAP ASCSQELPSA EDNSPMASDP

1201 LGVVRGGRVN THAGGTGPEG CRPFAKFIGG GGSAPEAAGG PSVFLFPPKP

1251 KDTLMISRTP EVTCVVVDVS HEDPEVKFNW YVDGVEVHNA KTKPREEQYN

1301 STYRVVSVLT VLHQDWLNGK EYKCKVSNKA LPAPIEKTIS KAKGQPREPQ

1351 VYTLPPSREE MTKNQVSLTC LVKGFYPSDI AVEWESNGQP ENNYKTTPPV

1401 LDSDGSFFLY SKLTVDKSRW QQGNVFSCSV MHEALHNHYT QKSLSLSPGK

1451 *

FGF23-FcLALA v1

(SEQ ID NO: 50)
1 ATGTTGGGGG CCCGCCTCAG GCTCTGGGTC TGTGCCTTGT GCAGCGTCTG CAGCATGAGC

61 GTCCTCAGAG CCTATCCCAA TGCCTCCCCA CTGCTCGGCT CCAGCTGGGG TGGCCTGATC
121 CACCTGTACA CAGCCACAGC CAGGAACAGC TACCACCTGC AGATCCACAA GAATGGCCAT
181 GTGGATGGCG CACCCCATCA GACCATCTAC AGTGCCCTGA TGATCAGATC AGAGGATGCT
241 GGCTTTGTGG TGATTACAGG TGTGATGAGC AGAAGATACC TCTGCATGGA TTTCAGAGGC
301 AACATTTTTG GATCACACTA TTTCGACCCG GAGAACTGCA GGTTCCAACA CCAGACGCTG
361 GAAAACGGGT ACGACGTCTA CCACTCTCCT CAGTATCACT TCCTGGTCAG TCTGGGCCGG
421 GCGAAGAGAG CCTTCCTGCC AGGCATGAAC CCACCCCCGT ACTCCCAGTT CCTGTCCCGG
481 AGGAACGAGA TCCCCCTAAT TCACTTCAAC ACCCCCATAC CACGGCGGCA CACCCAGAGC
541 GCCGAGGACG ACTCGGAGCG GGACCCCCTG AACGTGCTGA AGCCCCGGGC CCGGATGACC
601 CCGGCCCCGE CCTCCTGTTC ACAGGAGCTC CCGAGCGCCG AGGACAACAG CCCGATGGCC
661 AGTGACCCAT TAGGGGTGGT CAGGGGCGGT CGAGTGAACA CGCACGCTGG GGGAACGGGC
721 CCGGAAGGCT GCCGCCCCTT CGCCAAGTTC ATCGGAGGTG GAGGTTCAAA AACCCACACG
781 TGTCCTCCTT GTCCTGCCCC AGAAGCAGCA GGTGGTCCAT CAGTTTTTCT TTTCCCTCCC
841 AAACCCAAGG ATACGCTGAT GATCTCTCGC ACGCCTGAGG TGACATGCGT CGTAGTAGAC
901 GTGAGCCACG AAGATCCCGA GGTGAAGTTC AATTGGTATG TGGACGGAGT AGAAGTGCAT
961 AACGCGAAAA CTAAGCCGCG CGAGGAACAA TATAACAGTA CTTACAGGGT GGTATCCGTG

1021 CTCACAGTCC TGCACCAGGA CTGGCTGAAC GGTAAGGAAT ACAAGTGCAA AGTAAGCAAC

1081 AAGGCACTTC CCGCGCCTAT TGAGAAAACA ATCTCCAAGG CGAAGGGACA ACCAAGAGAA

1141 CCTCAGGTTT ACACTCTCCC GCCTTCCAGG GAAGAGATGA CCAAAAATCA AGTTTCCCTG

1201 ACTTGCCTCG TCAAAGGATT CTACCCTTCC GACATTGCTG TTGAATGGGA AAGCAATGGA

1261 CAACCAGAGA ACAACTACAA GACAACACCC CCGGTGCTGG ATAGTGACGG ATCTTTCTTT

1321 CTCTACTCAA AGCTGACCGT GGATAAGTCC AGGTGGCAGC AGGGAAACGT GTTTTCCTGC
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1381 TCTGTCATGC ATGAAGCGCT GCATAATCAC TATACCCAGA AGTCTCTGAG CTTGAGCCCA
1441 GGCAAGTAA
FGF23 (R179Q) -FcLALAVL
(SEQ ID NO: 51)
1 MLGARLRLWV CALCSVCSMS VLRAYPNASP LLGSSWGGLI HLYTATARNS
51 YHLQIHKNGH VDGAPHQTIY SALMIRSEDA GFVVITGVMS RRYLCMDFRG
101 NIFGSHYFDP ENCRFQHQTL ENGYDVYHSP QYHFLVSLGR AKRAFLPGMN
151 PPPYSQFLSR RNEIPLIHFN TPIPRRHTQS AEDDSERDPL NVLKPRARMT
201 PAPASCSQEL PSAEDNSPMA SDPLGVVRGG RVNTHAGGTG PEGCRPFAKF
251 IGGGGSKTHT CPPCPAPEAA GGPSVFLFPP KPKDTLMISR TPEVTCVVVD
301 VSHEDPEVKF NWYVDGVEVH NAKTKPREEQ YNSTYRVVSV LTVLHQDWLN
351 GKEYKCKVSN KALPAPIEKT ISKAKGQPRE PQVYTLPPSR EEMTKNQVSL
401 TCLVKGFYPS DIAVEWESNG QPENNYKTTP PVLDSDGSFF LYSKLTVDKS
451 RWQQGNVFSC SVMHEALHNH YTQKSLSLSP GK*
FGF23-FcLALA v2
(SEQ ID NO: 52)
1 ATGTTGGGGG CCCGCCTCAG GCTCTGGGTC TGTGCCTTGT GCAGCGTCTG CAGCATGAGC
61 GTCCTCAGAG CCTATCCCAA TGCCTCCCCA CTGCTCGGCT CCAGCTGGGG TGGCCTGATC
121 CACCTGTACA CAGCCACAGC CAGGAACAGC TACCACCTGC AGATCCACAA GAATGGCCAT
181 GTGGATGGCG CACCCCATCA GACCATCTAC AGTGCCCTGA TGATCAGATC AGAGGATGCT
241 GGCTTTGTGG TGATTACAGG TGTGATGAGC AGAAGATACC TCTGCATGGA TTTCAGAGGC
301 AACATTTTTG GATCACACTA TTTCGACCCG GAGAACTGCA GGTTCCAACA CCAGACGCTG
361 GAAAACGGGT ACGACGTCTA CCACTCTCCT CAGTATCACT TCCTGGTCAG TCTGGGCCGG
421 GCGAAGAGAG CCTTCCTGCC AGGCATGAAC CCACCCCCGT ACTCCCAGTT CCTGTCCCGG
481 AGGAACGAGA TCCCCCTAAT TCACTTCAAC ACCCCCATAC CACGGCGGCA CACCCAGAGC
541 GCCGAGGACG ACTCGGAGCG GGACCCCCTG AACGTGCTGA AGCCCCGGGC CCGGATGACC
601 CCGGCCCCGE CCTCCTGTTC ACAGGAGCTC CCGAGCGCCG AGGACAACAG CCCGATGGCC
661 AGTGACCCAT TAGGGGTGGT CAGGGGCGGT CGAGTGAACA CGCACGCTGG GGGAACGGGC
721 CCGGAAGGCT GCCGCCCCTT CGCCAAGTTC ATCGGAGGTG GAGGTTCAGC CCCAGAAGCA
781 GCAGGTGGTC CATCAGTTTT TCTTTTCCCT CCCAAACCCA AGGATACGCT GATGATCTCT
841 CGCACGCCTG AGGTGACATG CGTCGTAGTA GACGTGAGCC ACGAAGATCC CGAGGTGAAG
901 TTCAATTGGT ATGTGGACGG AGTAGAAGTG CATAACGCGA AAACTAAGCC GCGCGAGGAA
961 CAATATAACA GTACTTACAG GGTGGTATCC GTGCTCACAG TCCTGCACCA GGACTGGCTG
1021 AACGGTAAGG AATACAAGTG CAAAGTAAGC AACAAGGCAC TTCCCGCGCC TATTGAGAAA
1081 ACAATCTCCA AGGCGAAGGG ACAACCAAGA GAACCTCAGG TTTACACTCT CCCGCCTTCC
1141 AGGGAAGAGA TGACCAAAAA TCAAGTTTCC CTGACTTGCC TCGTCAAAGG ATTCTACCCT
1201 TCCGACATTG CTGTTGAATG GGAAAGCAAT GGACAACCAG AGAACAACTA CAAGACAACA
1261 CCCCCGGTGC TGGATAGTGA CGGATCTTTC TTTCTCTACT CAAAGCTGAC CGTGGATAAG

1321 TCCAGGTGGC AGCAGGGAAA CGTGTTTTCC TGCTCTGTCA TGCATGAAGC GCTGCATAAT

1381 CACTATACCC AGAAGTCTCT GAGCTTGAGC CCAGGCAAGT AA
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FGF23 (R179Q) -FcLALAV2
(SEQ ID NO: 53)
1 MLGARLRLWV CALCSVCSMS VLRAYPNASP LLGSSWGGLI HLYTATARNS
51 YHLQIHKNGH VDGAPHQTIY SALMIRSEDA GFVVITGVMS RRYLCMDFRG

101 NIFGSHYFDP ENCRFQHQTL ENGYDVYHSP QYHFLVSLGR AKRAFLPGMN

151 PPPYSQFLSR RNEIPLIHFN TPIPRRHTQS AEDDSERDPL NVLKPRARMT

201 PAPASCSQEL PSAEDNSPMA SDPLGVVRGG RVNTHAGGTG PEGCRPFAKF

251 IGGGGSAPEA AGGPSVFLFP PKPKDTLMIS RTPEVTCVVV DVSHEDPEVK

301 FNWYVDGVEV HNAKTKPREE QYNSTYRVVS VLTVLHQDWL NGKEYKCKVS

351 NKALPAPIEK TISKAKGQPR EPQVYTLPPS REEMTKNQVS LTCLVKGFYP

401 SDIAVEWESN GQPENNYKTT PPVLDSDGSF FLYSKLTVDK SRWQQGNVFES

451 CSVMHEALHN HYTQKSLSLS PGK*

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 53
<210> SEQ ID NO 1
<211> LENGTH: 5003
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 1
cgegeageat gcccgecage gecccgecge gecgeccgeyg gecgecgeeyg ccegtegetgt 60
cgetgetget ggtgetgetyg ggectgggeg gecgecgect gegtgceggayg ccegggegacyg 120
gegegecagac ctgggeccegt ttcetegegge ctectgecce cgaggecgeg ggectcettee 180
agggcacctt ccccgacgge ttectetggg cegtgggcag cgecgectac cagaccgagg 240
geggetggea gcagcacgge aagggtgegt ccatctggga tacgttcacc caccaccccce 300
tggcacccee gggagactcee cggaacgeca gtetgcegtt gggegecceyg tcegecgetge 360
agccegecac cggggacgta gccagcgaca gctacaacaa cgtcectteege gacacggagg 420
cgetgegega gceteggggte actcactacce gettcetecat ctegtgggeyg cgagtgetcee 480
ccaatggcag cgcgggegte cccaaccgeg aggggctgeg ctactacegyg cgectgetgg 540
agcggetgeg ggagetggge gtgcagecceg tggtcaccect gtaccactgyg gacctgecce 600
agcgectgca ggacgectac ggeggetggg ccaaccgege cctggecgac cacttcaggg 660
attacgcgga gctetgette cgccactteg geggtcaggt caagtactgg atcaccatcg 720
acaaccccta cgtggtggece tggcacgget acgecacegyg gegectggee cccggeatce 780
ggggcageee geggeteggg tacctggtgg cgcacaacct cctectgget catgccaaag 840
tctggecatcet ctacaatact tcttteegte ccactcaggyg aggtcaggtyg tccattgece 900
taagctctca ctggatcaat cctcgaagaa tgaccgacca cagcatcaaa gaatgtcaaa 960
aatctctgga ctttgtacta ggttggtttg ccaaacccegt atttattgat ggtgactatc 1020
ccgagagcat gaagaataac ctttcatcta ttctgcctga ttttactgaa tctgagaaaa 1080
agttcatcaa aggaactgct gacttttttg ctectttgett tggacccacc ttgagtttte 1140
aacttttgga ccctcacatg aagttccgce aattggaatc tcccaacctg aggcaactgce 1200
tttcctggat tgaccttgaa tttaaccatc ctcaaatatt tattgtggaa aatggctggt 1260
ttgtctcagg gaccaccaag agagatgatg ccaaatatat gtattacctc aaaaagttca 1320
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tcatggaaac cttaaaagcc atcaagctgg atggggtgga tgtcatcggg tataccgcat 1380
ggtcecctecat ggatggttte gagtggcaca gaggttacag catcaggcgt ggactcttcet 1440
atgttgactt tctaagccag gacaagatgt tgttgccaaa gtcttcagce ttgttctacc 1500
aaaagctgat agagaaaaat ggcttcccte ctttacctga aaatcagccce ctagaaggga 1560
catttcectg tgactttget tggggagttg ttgacaacta cattcaagta gataccactce 1620
tgtctcagtt taccgacctg aatgtttacce tgtgggatgt ccaccacagt aaaaggctta 1680
ttaaagtgga tggggttgtg accaagaaga ggaaatccta ctgtgttgac tttgctgceca 1740
tccagececca gatcgcecttta ctceccaggaaa tgcacgttac acattttcege ttetecctgg 1800
actgggccct gattctcect ctgggtaace agtcccaggt gaaccacacc atcctgcagt 1860
actatcgetg catggccage gagcttgtcee gtgtcaacat caccccagtg gtggecctgt 1920
ggcagcctat ggecccgaac caaggactgce cgcgectect ggecaggcag ggegectggyg 1980
agaaccccta cactgccetg gectttgcag agtatgceccg actgtgcettt caagagetceg 2040
gccatcacgt caagctttgg ataacgatga atgagccgta tacaaggaat atgacataca 2100
gtgctggeca caaccttctg aaggcccatg ccctggcttyg gcatgtgtac aatgaaaagt 2160
ttaggcatgc tcagaatggg aaaatatcca tagccttgca ggctgattgg atagaacctg 2220
cctgeecttt ctcecccaaaag gacaaagagg tggccgagag agttttggaa tttgacattg 2280
gctggcectgge tgageccatt tteggctetg gagattatec atgggtgatg agggactgge 2340
tgaaccaaag aaacaatttt cttcttecctt atttcactga agatgaaaaa aagctaatcc 2400
agggtacctt tgactttttg gctttaagcce attataccac catccttgta gactcagaaa 2460
aagaagatcc aataaaatac aatgattacc tagaagtgca agaaatgacc gacatcacgt 2520
ggctcaacte ccccagtcag gtggcggtag tgccctgggg gttgcgcaaa gtgctgaact 2580
ggctgaagtt caagtacgga gacctcccca tgtacataat atccaacgga atcgatgacyg 2640
ggctgcatge tgaggacgac cagctgaggg tgtattatat gcagaattac ataaacgaag 2700
ctctcaaagce ccacatactg gatggtatca atctttgegg atactttget tattcgttta 2760
acgaccgcac agctccgagg tttggcectcet atcgttatge tgcagatcag tttgagccca 2820
aggcatccat gaaacattac aggaaaatta ttgacagcaa tggtttcccg ggcccagaaa 2880
ctctggaaag attttgtcca gaagaattca ccgtgtgtac tgagtgcagt ttttttcaca 2940
cccgaaagtce tttactgget ttcatagett ttectattttt tgcttcectatt atttctetet 3000
ccettatatt ttactacteg aagaaaggca gaagaagtta caaatagttc tgaacatttt 3060
tctattcatt cattttgaaa taattatgca gacacatcag ctgttaacca tttgcacctce 3120
taagtgttgt gaaactgtaa atttcataca tttgacttct agaaaacatt tttgtggcett 3180
atgacagagg ttttgaaatg ggcataggtg atcgtaaaat attgaataat gcgaatagtg 3240
cctgaatttg ttctettttt gggtgattaa aaaactgaca ggcactataa tttctgtaac 3300
acactaacaa aagcatgaaa aataggaacc acaccaatgc aacatttgtg cagaaatttg 3360
aatgacaaga ttaggaatat tttcttectgce acccacttcect aaatttaatg tttttetgga 3420
agtagtaatt gcaagagttc gaatagaaag ttatgtacca agtaaccatt tctcagctgc 3480
cataataatg cctagtggct tcecccctetgt caaatctagt ttcecctatgga aaagaagatg 3540
gcagatacag gagagacgac agagggtcct aggctggaat gttcecctttcecg aaagcaatge 3600
ttctatcaaa tactagtatt aatttatgta tctggttaat gacatacttg gagagcaaat 3660
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tatggaaatg tgtattttat atgatttttg aggtcctgtc taaaccctgt gtcecctgagg 3720
gatctgtete actggcatct tgttgaggge cttgcacata ggaaactttt gataagtatc 3780
tgcggaaaaa caaacatgaa tcctgtgata ttgggctcett caggaagcat aaagcaattg 3840
tgaaatacag tataccgcag tggctctagg tggaggaaag gaggaaaaag tgcttattat 3900
gtgcaacatt atgattaatc tgattataca ccatttttga gcagatcttg gaatgaatga 3960
catgaccttt ccctagagaa taaggatgaa ataatcactc attctatgaa cagtgacact 4020
actttctatt ctttagctgt actgtaattt ctttgagttg atagttttac aaattcttaa 4080
taggttcaaa agcaatctgg tctgaataac actggatttg tttctgtgat ctctgaggtce 4140
tattttatgt ttttgctgct acttctgtgg aagtagcettt gaactagttt tactttgaac 4200
tttcacgctg aaacatgcta gtgatatcta gaaagggcta attaggtctce atcctttaat 4260
gccecttaaa taagtcecttge tgattttcag acagggaagt ctcectctatta cactggaget 4320
gttttataga taagtcaata ttgtatcagg caagataaac caatgtcata acaggcattg 4380
ccaacctcac tgacacaggg tcatagtgta taataatata ctgtactata taatatatca 4440
tctttagagg tatgattttt tcatgaaaga taagcttttg gtaatattca ttttaaagtg 4500
gacttattaa aattggatgc tagagaatca agtttatttt atgtatatat ttttctgatt 4560
ataagagtaa tatatgttca ttgtaaaaat ttttaaaaca cagaaactat atgcaaagaa 4620
aaaataaaaa ttatctataa tctcagaacc cagaaatagc cactattaac atttcctacg 4680
tattttattt tacatagatc atattgtata tagttagtat ctttattaat ttttattatg 4740
aaactttcct ttgtcattat tagtcttcaa aagcatgatt tttaatagtt gttgagtatt 4800
ccaccacagg aatgtatcac aacttaaccg ttcccgtttg ttagactagt ttcttattaa 4860
tgttgatgaa tgttgtttaa aaataatttt gttgctacat ttactttaat ttccttgact 4920
gtaaagagaa gtaattttgc tccttgataa agtattatat taataataaa tctgcctgcea 4980
actttttgce ttctttcata atc 5003

<210> SEQ ID NO 2

<211> LENGT.
<212> TYPE:
<213> ORGAN

H:
PRT
ISM:

<400> SEQUENCE:

Met Pro Ala
1

Leu Ser Leu

Ala Glu Pro
35

Pro Ala Pro
50

Phe Leu Trp
65

Gln Gln His

Pro Leu Ala

Ala Pro Ser

115

Tyr Asn Asn

Ser

Leu

20

Gly

Glu

Ala

Gly

Pro

100

Pro

Val

1012

Homo sapiens

2

Ala

Leu

Asp

Ala

Val

Lys

85

Pro

Leu

Phe

Pro Pro Arg

Val Leu Leu

Gly Ala Gln
40

Ala Gly Leu
55

Gly Ser Ala
70

Gly Ala Ser

Gly Asp Ser

Gln Pro Ala

120

Arg Asp Thr

Arg Pro Arg
10

Gly Leu Gly

Thr Trp Ala

Phe Gln Gly

Ala Tyr Gln
75

Ile Trp Asp
90

Arg Asn Ala
105

Thr Gly Asp

Glu Ala Leu

Pro Pro Pro

Gly Arg Arg

Arg Phe Ser
45

Thr Phe Pro
60

Thr Glu Gly

Thr Phe Thr

Ser Leu Pro
110

Val Ala Ser
125

Arg Glu Leu

Pro Ser
15

Leu Arg

Arg Pro

Asp Gly

Gly Trp

80
His His
95
Leu Gly

Asp Ser

Gly Val
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105

-continued

106

Thr
145

Ser

Leu

Asn

Arg

225

Tyr

Ile

Leu

Thr

Pro

305

Asp

Tyr

Thr

Leu

Lys

385

Ile

Trp

Tyr

Gly

Glu

465

Phe

Tyr

Gln

Asp

Asn
545

130

His

Ala

Glu

Trp

Arg

210

His

Val

Arg

Ala

Gln

290

Arg

Phe

Pro

Glu

Cys

370

Phe

Asp

Phe

Leu

Val

450

Trp

Leu

Gln

Pro

Asn
530

Val

Tyr

Gly

Arg

Asp

195

Ala

Phe

Val

Gly

His

275

Gly

Arg

Val

Glu

Ser

355

Phe

Arg

Leu

Val

Lys

435

Asp

His

Ser

Lys

Leu
515

Tyr

Tyr

Arg

Val

Leu

180

Leu

Leu

Gly

Ala

Ser

260

Ala

Gly

Met

Leu

Ser

340

Glu

Gly

Gln

Glu

Ser

420

Lys

Val

Arg

Gln

Leu
500
Glu

Ile

Leu

Phe

Pro

165

Arg

Pro

Ala

Gly

Trp

245

Pro

Lys

Gln

Thr

Gly

325

Met

Lys

Pro

Leu

Phe

405

Gly

Phe

Ile

Gly

Asp

485

Ile

Gly

Gln

Trp

Ser

150

Asn

Glu

Gln

Asp

Gln

230

His

Arg

Val

Val

Asp

310

Trp

Lys

Lys

Thr

Glu

390

Asn

Thr

Ile

Gly

Tyr

470

Lys

Glu

Thr

Val

Asp
550

135 140

Ile Ser Trp Ala Arg Val Leu Pro Asn
155

Arg Glu Gly Leu Arg Tyr Tyr Arg Arg
170 175

Leu Gly Val Gln Pro Val Val Thr Leu
185 190

Arg Leu Gln Asp Ala Tyr Gly Gly Trp
200 205

His Phe Arg Asp Tyr Ala Glu Leu Cys
215 220

Val Lys Tyr Trp Ile Thr Ile Asp Asn
235

Gly Tyr Ala Thr Gly Arg Leu Ala Pro
250 255

Leu Gly Tyr Leu Val Ala His Asn Leu
265 270

Trp His Leu Tyr Asn Thr Ser Phe Arg
280 285

Ser Ile Ala Leu Ser Ser His Trp Ile
295 300

His Ser Ile Lys Glu Cys Gln Lys Ser
315

Phe Ala Lys Pro Val Phe Ile Asp Gly
330 335

Asn Asn Leu Ser Ser Ile Leu Pro Asp
345 350

Phe Ile Lys Gly Thr Ala Asp Phe Phe
360 365

Leu Ser Phe Gln Leu Leu Asp Pro His
375 380

Ser Pro Asn Leu Arg Gln Leu Leu Ser
395

His Pro Gln Ile Phe Ile Val Glu Asn
410 415

Thr Lys Arg Asp Asp Ala Lys Tyr Met
425 430

Met Glu Thr Leu Lys Ala Ile Lys Leu
440 445

Tyr Thr Ala Trp Ser Leu Met Asp Gly
455 460

Ser Ile Arg Arg Gly Leu Phe Tyr Val
475

Met Leu Leu Pro Lys Ser Ser Ala Leu
490 495

Lys Asn Gly Phe Pro Pro Leu Pro Glu
505 510

Phe Pro Cys Asp Phe Ala Trp Gly Val
520 525

Asp Thr Thr Leu Ser Gln Phe Thr Asp
535 540

Val His His Ser Lys Arg Leu Ile Lys
555

Gly

160

Leu

Tyr

Ala

Phe

Pro

240

Gly

Leu

Pro

Asn

Leu

320

Asp

Phe

Ala

Met

Trp

400

Gly

Tyr

Asp

Phe

Asp

480

Phe

Asn

Val

Leu

Val
560
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107

-continued

108

Asp

Ala

Phe

Ser

Glu

625

Met

Trp

Cys

Glu

Lys

705

Ala

Pro

Leu

Asp

Leu

785

Phe

Glu

Met

Pro

Asp

865

Ala

Glu

Phe

Arg

Arg

945

Arg

Gly

Ile

Arg

Gln

610

Leu

Ala

Glu

Phe

Pro

690

Ala

Gln

Ala

Glu

Tyr

770

Leu

Asp

Lys

Thr

Trp

850

Leu

Glu

Ala

Ala

Tyr
930

Lys

Phe

Val

Gln

Phe

595

Val

Val

Pro

Asn

Gln

675

Tyr

His

Asn

Cys

Phe

755

Pro

Pro

Phe

Glu

Asp

835

Gly

Pro

Asp

Leu

Tyr
915
Ala

Ile

Cys

Val

Pro

580

Ser

Asn

Arg

Asn

Pro

660

Glu

Thr

Ala

Gly

Pro

740

Asp

Trp

Tyr

Leu

Asp

820

Ile

Leu

Met

Asp

Lys

900

Ser

Ala

Ile

Pro

Thr

565

Gln

Leu

His

Val

Gln

645

Tyr

Leu

Arg

Leu

Lys

725

Phe

Ile

Val

Phe

Ala

805

Pro

Thr

Arg

Tyr

Gln

885

Ala

Phe

Asp

Asp

Glu
965

Lys

Ile

Asp

Thr

Asn

630

Gly

Thr

Gly

Asn

Ala

710

Ile

Ser

Gly

Met

Thr

790

Leu

Ile

Trp

Lys

Ile

870

Leu

His

Asn

Gln

Ser
950

Glu

Lys Arg Lys Ser Tyr Cys Val Asp Phe
570 575

Ala Leu Leu Gln Glu Met His Val Thr
585 590

Trp Ala Leu Ile Leu Pro Leu Gly Asn
600 605

Ile Leu Gln Tyr Tyr Arg Cys Met Ala
615 620

Ile Thr Pro Val Val Ala Leu Trp Gln
635

Leu Pro Arg Leu Leu Ala Arg Gln Gly
650 655

Ala Leu Ala Phe Ala Glu Tyr Ala Arg
665 670

His His Val Lys Leu Trp Ile Thr Met
680 685

Met Thr Tyr Ser Ala Gly His Asn Leu
695 700

Trp His Val Tyr Asn Glu Lys Phe Arg
715

Ser Ile Ala Leu Gln Ala Asp Trp Ile
730 735

Gln Lys Asp Lys Glu Val Ala Glu Arg
745 750

Trp Leu Ala Glu Pro Ile Phe Gly Ser
760 765

Arg Asp Trp Leu Asn Gln Arg Asn Asn
775 780

Glu Asp Glu Lys Lys Leu Ile Gln Gly
795

Ser His Tyr Thr Thr Ile Leu Val Asp
810 815

Lys Tyr Asn Asp Tyr Leu Glu Val Gln
825 830

Leu Asn Ser Pro Ser Gln Val Ala Val
840 845

Val Leu Asn Trp Leu Lys Phe Lys Tyr
855 860

Ile Ser Asn Gly Ile Asp Asp Gly Leu
875

Arg Val Tyr Tyr Met Gln Asn Tyr Ile
890 895

Ile Leu Asp Gly Ile Asn Leu Cys Gly
905 910

Asp Arg Thr Ala Pro Arg Phe Gly Leu
920 925

Phe Glu Pro Lys Ala Ser Met Lys His
935 940

Asn Gly Phe Pro Gly Pro Glu Thr Leu
955

Phe Thr Val Cys Thr Glu Cys Ser Phe
970 975

Ala

His

Gln

Ser

Pro

640

Ala

Leu

Asn

Leu

His

720

Glu

Val

Gly

Phe

Thr

800

Ser

Glu

Val

Gly

His

880

Asn

Tyr

Tyr

Tyr

Glu
960

Phe
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109 110

-continued

His Thr Arg Lys Ser Leu Leu Ala Phe Ile Ala Phe Leu Phe Phe Ala
980 985 990

Ser Ile Ile Ser Leu Ser Leu Ile Phe Tyr Tyr Ser Lys Lys Gly Arg
995 1000 1005

Arg Ser Tyr Lys
1010

<210> SEQ ID NO 3

<211> LENGTH: 3279

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

atcctcagte tcccagttca agctaatcat tgacagaget ttacaatcac aagcttttac 60
tgaagetttyg ataagacagt ccagcagttg gtggcaaatyg aagccaggcet gtgcggcagg 120
atctccaggg aatgaatgga ttttcttcag cactgatgaa ataaccacac gctataggaa 180
tacaatgtce aacgggggat tgcaaagatc tgtcatcctyg tcagcactta ttctgctacg 240
agctgttact ggattctetyg gagatggaag agctatatgg tctaaaaatc ctaattttac 300
tceggtaaat gaaagtcage tgtttcetceta tgacacttte cctaaaaact ttttetgggg 360
tattgggact ggagcattgc aagtggaagg gagttggaag aaggatggaa aaggacctte 420
tatatgggat catttcatcc acacacacct taaaaatgtc agcagcacga atggttccag 480
tgacagttat atttttctgg aaaaagactt atcagccctg gattttatag gagtttcettt 540
ttatcaattt tcaatttcct ggccaagget tttccccgat ggaatagtaa cagttgccaa 600
cgcaaaaggt ctgcagtact acagtactct tctggacget ctagtgctta gaaacattga 660
acctatagtt actttatacc actgggattt gectttggea ctacaagaaa aatatggggg 720
gtggaaaaat gataccataa tagatatctt caatgactat gccacatact gtttccagat 780
gtttggggac cgtgtcaaat attggattac aattcacaac ccatatctag tggcttggea 840
tgggtatggg acaggtatgc atgccecctgg agagaaggga aatttagcag ctgtctacac 900
tgtgggacac aacttgatca aggctcactc gaaagtttgg cataactaca acacacattt 960

ccgcccacat cagaagggtt ggttatcgat cacgttggga tctcattgga tcegagccaaa 1020
ccggtecggaa aacacgatgg atatattcaa atgtcaacaa tccatggttt ctgtgcettgg 1080
atggtttgcce aaccctatcc atggggatgg cgactatcca gaggggatga gaaagaagtt 1140
gttctcegtt ctacccattt tctetgaage agagaagcat gagatgagag gcacagctga 1200
tttctttgee ttttettttyg gacccaacaa cttcaagecce ctaaacacca tggctaaaat 1260
gggacaaaat gtttcactta atttaagaga agcgctgaac tggattaaac tggaatacaa 1320
caaccctecga atcttgattg ctgagaatgg ctggttcaca gacagtcgtg tgaaaacaga 1380
agacaccacg gccatctaca tgatgaagaa tttcecctcage caggtgcttce aagcaataag 1440
gttagatgaa atacgagtgt ttggttatac tgcctggtcect ctecctggatg gctttgaatg 1500
gcaggatgct tacaccatcce gccgaggatt attttatgtg gattttaaca gtaaacagaa 1560
agagcggaaa cctaagtctt cagcacacta ctacaaacag atcatacgag aaaatggttt 1620
ttctttaaaa gagtccacgce cagatgtgca gggccagttt cecctgtgact tetecctgggg 1680
tgtcactgaa tctgttctta agcccgagte tgtggctteg tccccacagt tcagcgatcce 1740
tcatctgtac gtgtggaacg ccactggcaa cagactgttg caccgagtgg aaggggtgag 1800

gctgaaaaca cgacccgcte aatgcacaga ttttgtaaac atcaaaaaac aacttgagat 1860
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112

-continued
gttggcaaga atgaaagtca cccactaccg gtttgctctg gattgggect cggtecttece 1920
cactggcaac ctgtccgegg tgaaccgaca ggccctgagg tactacaggt gegtggtcag 1980
tgaggggctg aagcttggca tcectccgegat ggtcaccctg tattatccga cccacgccca 2040
cctaggectce cccgagcecte tgttgcatge cgacgggtgg ctgaacccat cgacggccga 2100
ggccttecag gectacgetg ggetgtgett ccaggagcectyg ggggacctgg tgaagctcetg 2160
gatcaccatc aacgagccta accggctaag tgacatctac aaccgctcectg gcaacgacac 2220
ctacggggeg gcegcacaacce tgectggtgge ccacgcecctyg gectggegee tctacgaccyg 2280
gcagttcagyg ccctcacage gceggggecegt gtegetgteg ctgcacgegg actgggcegga 2340
acccgcecaac ccctatgetg actcecgcactg gagggcggcece gagcgcttece tgcagttega 2400
gatcgectygyg ttegecgage cgctcettcaa gaccggggac taccccegegg ccatgaggga 2460
atacattgcce tccaagcacc gacgggggct ttccageteg gecctgceccge gectcaccga 2520
ggccgaaagyg aggctgctca agggcacggt cgacttetge gegctcaacc acttcaccac 2580
taggttcgtg atgcacgagce agctggecgg cagecgctac gactcggaca gggacatcca 2640
gtttctgcag gacatcacce gcctgagetce ccccacgcege ctggcetgtga ttecectgggyg 2700
ggtgcgcaag ctgctgeggt gggtccggag gaactacggce gacatggaca tttacatcac 2760
cgecagtgge atcgacgacce aggctctgga ggatgacegg ctecggaagt actacctagg 2820
gaagtacctt caggaggtgc tgaaagcata cctgattgat aaagtcagaa tcaaaggcta 2880
ttatgcattc aaactggctyg aagagaaatc taaacccaga tttggattct tcacatctga 2940
ttttaaagct aaatcctcaa tacaatttta caacaaagtg atcagcagca ggggcttccce 3000
ttttgagaac agtagttcta gatgcagtca gacccaagaa aatacagagt gcactgtctg 3060
cttattecctt gtgcagaaga aaccactgat attcctgggt tgttgcecttet tetccaccct 3120
ggttctactc ttatcaattg ccatttttca aaggcagaag agaagaaagt tttggaaagc 3180
aaaaaactta caacacatac cattaaagaa aggcaagaga gttgttagct aaactgatct 3240
gtctgcatga tagacagttt aaaaattcat cccagttcce 3279

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 4
H: 1044
PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Met Lys Pro
1

Phe Ser Thr
Gly Gly Leu
35

Ala Val Thr
50

Pro Asn Phe
65

Phe Pro Lys

Glu Gly Ser

Phe Ile His
115

Gly Cys Ala Ala Gly

5

Asp Glu Ile Thr Thr

20

Gln Arg Ser Val Ile

40

Gly Phe Ser Gly Asp

55

Thr Pro Val Asn Glu

70

Asn Phe Phe Trp Gly

85

Trp Lys Lys Asp Gly

100

Thr His Leu Lys Asn

120

Ser Pro Gly
10

Arg Tyr Arg

Leu Ser Ala

Gly Arg Ala

Ser Gln Leu

75

Ile Gly Thr
90

Lys Gly Pro
105

Val Ser Ser

Asn Glu Trp

Asn Thr Met
30

Leu Ile Leu
45

Ile Trp Ser
60

Phe Leu Tyr

Gly Ala Leu

Ser Ile Trp
110

Thr Asn Gly
125

Ile Phe
15

Ser Asn

Leu Arg

Lys Asn

Asp Thr

80

Gln Val
95

Asp His

Ser Ser
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113

-continued

114

Asp

Gly

145

Asp

Thr

Leu

Trp

Cys

225

Asn

Pro

Leu

Arg

Ile

305

Gln

Asp

Pro

Phe

Met

385

Asn

Asn

Ile

Leu

Gly
465

Ser

Ser

130

Val

Gly

Leu

Tyr

Lys

210

Phe

Pro

Gly

Ile

Pro

290

Glu

Ser

Gly

Ile

Phe

370

Ala

Trp

Gly

Tyr

Asp

450

Phe

Asp

Tyr

Thr

Thr
530

Tyr

Ser

Ile

Leu

His

195

Asn

Gln

Tyr

Glu

Lys

275

His

Pro

Met

Asp

Phe

355

Ala

Lys

Ile

Trp

Met

435

Glu

Glu

Phe

Tyr

Pro

515

Glu

Ile

Phe

Val

Asp

180

Trp

Asp

Met

Leu

Lys

260

Ala

Gln

Asn

Val

Tyr

340

Ser

Phe

Met

Lys

Phe

420

Met

Ile

Trp

Asn

Lys
500

Asp

Ser

Phe

Tyr

Thr

165

Ala

Asp

Thr

Phe

Val

245

Gly

His

Lys

Arg

Ser

325

Pro

Glu

Ser

Gly

Leu

405

Thr

Lys

Arg

Gln

Ser
485
Gln

Val

Val

Leu

Gln

150

Val

Leu

Leu

Ile

Gly

230

Ala

Asn

Ser

Gly

Ser

310

Val

Glu

Ala

Phe

Gln

390

Glu

Asp

Asn

Val

Asp

470

Lys

Ile

Gln

Leu

Glu Lys Asp Leu Ser Ala Leu Asp Phe
135 140

Phe Ser Ile Ser Trp Pro Arg Leu Phe
155

Ala Asn Ala Lys Gly Leu Gln Tyr Tyr
170 175

Val Leu Arg Asn Ile Glu Pro Ile Val
185 190

Pro Leu Ala Leu Gln Glu Lys Tyr Gly
200 205

Ile Asp Ile Phe Asn Asp Tyr Ala Thr
215 220

Asp Arg Val Lys Tyr Trp Ile Thr Ile
235

Trp His Gly Tyr Gly Thr Gly Met His
250 255

Leu Ala Ala Val Tyr Thr Val Gly His
265 270

Lys Val Trp His Asn Tyr Asn Thr His
280 285

Trp Leu Ser Ile Thr Leu Gly Ser His
295 300

Glu Asn Thr Met Asp Ile Phe Lys Cys
315

Leu Gly Trp Phe Ala Asn Pro Ile His
330 335

Gly Met Arg Lys Lys Leu Phe Ser Val
345 350

Glu Lys His Glu Met Arg Gly Thr Ala
360 365

Gly Pro Asn Asn Phe Lys Pro Leu Asn
375 380

Asn Val Ser Leu Asn Leu Arg Glu Ala
395

Tyr Asn Asn Pro Arg Ile Leu Ile Ala
410 415

Ser Arg Val Lys Thr Glu Asp Thr Thr
425 430

Phe Leu Ser Gln Val Leu Gln Ala Ile
440 445

Phe Gly Tyr Thr Ala Trp Ser Leu Leu
455 460

Ala Tyr Thr Ile Arg Arg Gly Leu Phe
475

Gln Lys Glu Arg Lys Pro Lys Ser Ser
490 495

Ile Arg Glu Asn Gly Phe Ser Leu Lys
505 510

Gly Gln Phe Pro Cys Asp Phe Ser Trp
520 525

Lys Pro Glu Ser Val Ala Ser Ser Pro
535 540

Ile

Pro

160

Ser

Thr

Gly

Tyr

His

240

Ala

Asn

Phe

Trp

Gln

320

Gly

Leu

Asp

Thr

Leu

400

Glu

Ala

Arg

Asp

Tyr

480

Ala

Glu

Gly

Gln
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-continued

116

Phe

545

Leu

Thr

Lys

Thr

Cys

625

Leu

Tyr

Ile

Gly

705

Leu

Ala

Tyr

Ile

Ala

785

Ser

Thr

Phe

Ile

865

Gly

Leu

Glu

Tyr

Phe
945

Ser

His

Asp

Val

Gly

610

Val

Tyr

Ala

Ala

Thr

690

Asn

Ala

Val

Ala

Ala

770

Met

Ala

Val

Glu

Leu

850

Pro

Asp

Glu

Val

Ala
930

Thr

Ile

Asp

Arg

Phe

Thr

595

Asn

Val

Tyr

Asp

Gly

675

Ile

Asp

Trp

Ser

Asp

755

Trp

Arg

Leu

Asp

Gln

835

Gln

Trp

Met

Asp

Leu
915
Phe

Ser

Ser

Pro

Val

Val

580

His

Leu

Ser

Pro

Gly

660

Leu

Asn

Thr

Arg

Leu

740

Ser

Phe

Glu

Pro

Phe

820

Leu

Asp

Gly

Asp

Asp

900

Lys

Lys

Asp

Ser

His

Glu

565

Asn

Tyr

Ser

Glu

Thr

645

Trp

Cys

Glu

Tyr

Leu

725

Ser

His

Ala

Tyr

Arg

805

Cys

Ala

Ile

Val

Ile

885

Arg

Ala

Leu

Phe

Arg

Leu

550

Gly

Ile

Arg

Ala

Gly

630

His

Leu

Phe

Pro

Gly

710

Tyr

Leu

Trp

Glu

Ile

790

Leu

Ala

Gly

Thr

Arg

870

Tyr

Leu

Tyr

Ala

Lys
950

Gly

Tyr

Val

Lys

Phe

Val

615

Leu

Ala

Asn

Gln

Asn

695

Ala

Asp

His

Arg

Pro

775

Ala

Thr

Leu

Ser

Arg

855

Lys

Ile

Arg

Leu

Glu
935

Ala

Phe

Val

Arg

Lys

Ala

600

Asn

Lys

His

Pro

Glu

680

Arg

Ala

Arg

Ala

Ala

760

Leu

Ser

Glu

Asn

Arg

840

Leu

Leu

Thr

Lys

Ile

920

Glu

Lys

Pro

Trp

Leu

Gln

585

Leu

Arg

Leu

Leu

Ser

665

Leu

Leu

His

Gln

Asp

745

Ala

Phe

Lys

Ala

His

825

Tyr

Ser

Leu

Ala

Tyr

905

Asp

Lys

Ser

Phe

Asn

Lys

570

Leu

Asp

Gln

Gly

Gly

650

Thr

Gly

Ser

Asn

Phe

730

Trp

Glu

Lys

His

Glu

810

Phe

Asp

Ser

Arg

Ser

890

Tyr

Lys

Ser

Ser

Glu

Ala

555

Thr

Glu

Trp

Ala

Ile

635

Leu

Ala

Asp

Asp

Leu

715

Arg

Ala

Arg

Thr

Arg

795

Arg

Thr

Ser

Pro

Trp

875

Gly

Leu

Val

Lys

Ile
955

Asn

Thr

Arg

Met

Ala

Leu

620

Ser

Pro

Glu

Leu

Ile

700

Leu

Pro

Glu

Phe

Gly

780

Arg

Arg

Thr

Asp

Thr

860

Val

Ile

Gly

Arg

Pro
940

Gln

Ser

Gly

Pro

Leu

Ser

605

Arg

Ala

Glu

Ala

Val

685

Tyr

Val

Ser

Pro

Leu

765

Asp

Gly

Leu

Arg

Arg

845

Arg

Arg

Asp

Lys

Ile
925
Arg

Phe

Ser

Asn

Ala

Ala

590

Val

Tyr

Met

Pro

Phe

670

Lys

Asn

Ala

Gln

Ala

750

Gln

Tyr

Leu

Leu

Phe

830

Asp

Leu

Arg

Asp

Tyr

910

Lys

Phe

Tyr

Ser

Arg

Gln

575

Arg

Leu

Tyr

Val

Leu

655

Gln

Leu

Arg

His

Arg

735

Asn

Phe

Pro

Ser

Lys

815

Val

Ile

Ala

Asn

Gln

895

Leu

Gly

Gly

Asn

Arg

Leu

560

Cys

Met

Pro

Arg

Thr

640

Leu

Ala

Trp

Ser

Ala

720

Gly

Pro

Glu

Ala

Ser

800

Gly

Met

Gln

Val

Tyr

880

Ala

Gln

Tyr

Phe

Lys
960

Cys
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-continued

118

Ser

Gln

Lys

Gly

965

970

975

Gln Thr Gln Glu Asn Thr Glu Cys Thr Val Cys Leu Phe Leu Val

980

Lys Lys Pro Leu Ile Phe Leu Gly Cys Cys Phe Phe
1000

995

Leu Leu Leu Ser
1010

Phe Trp Lys Ala
1025

Lys Arg Val Val
1040

<210> SEQ ID NO 5
<211> LENGTH: 449
<212> TYPE: PRT
<213> ORGANISM: Homo

<400> SEQUENCE: 5

Gln

1

Tyr

Trp

Asn

Gly

65

Ala

Ala

Leu

Gln

Asp

145

Asp

Trp

Thr

Leu

Tyr

225

Leu

Lys

Pro

Gly Thr Phe Pro
Gln Thr Glu Gly
20

Asp Thr Phe Thr
35

Ala Ser Leu Pro

Asp Val Ala Ser

Leu Arg Glu Leu

85

Arg Val Leu Pro
100

Arg Tyr Tyr Arg
115

Pro Val Val Thr
130

Ala Tyr Gly Gly
Tyr Ala Glu Leu
165

Ile Thr Ile Asp
180

Gly Arg Leu Ala
195

Val Ala His Asn
210

Asn Thr Ser Phe
Ser Ser His Trp
245

Glu Cys Gln Lys
260

Val Phe Ile Asp
275

Ile Ala

Lys Asn

985

10

Ile Phe Gln Arg Gln

1015

103

Ser

sapiens

Asp

Gly

His

Leu

Asp

70

Gly

Asn

Arg

Leu

Trp

150

Cys

Asn

Pro

Leu

Arg

230

Ile

Ser

Gly

Gly

Trp

His

Gly

Ser

Val

Gly

Leu

Tyr

135

Ala

Phe

Pro

Gly

Leu

215

Pro

Asn

Leu

Asp

1020

Leu Gln His Ile Pro
1035

0

Phe

Gln

Pro

40

Ala

Tyr

Thr

Ser

Leu

120

His

Asn

Arg

Tyr

Ile

200

Leu

Thr

Pro

Asp

Tyr
280

Leu

Gln

25

Leu

Pro

Asn

His

Ala

105

Glu

Trp

Arg

His

Val

185

Arg

Ala

Gln

Arg

Phe

265

Pro

Trp

10

His

Ala

Ser

Asn

Tyr

90

Gly

Arg

Asp

Ala

Phe

170

Val

Gly

His

Gly

Arg

250

Val

Glu

Ala

Gly

Pro

Pro

Val

75

Arg

Val

Leu

Leu

Leu

155

Gly

Ala

Ser

Ala

Gly

235

Met

Leu

Ser

Val

Lys

Pro

Leu

60

Phe

Phe

Pro

Arg

Pro

140

Ala

Gly

Trp

Pro

Lys

220

Gln

Thr

Gly

Met

Gly

Gly

Gly

45

Gln

Arg

Ser

Asn

Glu

125

Gln

Asp

Gln

His

Arg

205

Val

Val

Asp

Trp

Lys
285

990

05

Ser Thr Leu

Lys Arg Arg

Leu Lys Lys

Ser

Ala

30

Asp

Pro

Asp

Ile

Arg

110

Leu

Arg

His

Val

Gly

190

Leu

Trp

Ser

His

Phe
270

Asn

Ala

15

Ser

Ser

Ala

Thr

Ser

95

Glu

Gly

Leu

Phe

Lys

175

Tyr

Gly

His

Ile

Ser
255

Ala

Asn

Ala

Ile

Arg

Thr

Glu

80

Trp

Gly

Val

Gln

Arg

160

Tyr

Ala

Tyr

Leu

Ala
240
Ile

Lys

Leu
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-continued

120

Ser

Gly

305

Gln

Leu

Ile

Asp

Leu

385

Trp

Arg

Pro

Phe

Ser Ile Leu Pro Asp Phe Thr
290 295

Thr Ala Asp Phe Phe Ala Leu
310

Leu Leu Asp Pro His Met Lys
325

Arg Gln Leu Leu Ser Trp Ile
340

Phe Ile Val Glu Asn Gly Trp
355 360

Asp Ala Lys Tyr Met Tyr Tyr
370 375

Lys Ala Ile Lys Leu Asp Gly
390

Ser Leu Met Asp Gly Phe Glu
405

Gly Leu Phe Tyr Val Asp Phe
420

Lys Ser Ser Ala Leu Phe Tyr
435 440

<210> SEQ ID NO 6

<211> LENGTH: 437

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

Gly
1

Gln
Trp
Thr
Gln

65

Leu

Gln

Tyr

145

Leu

Arg

Leu

Thr Phe Pro Cys Asp Phe Ala
5

Val Asp Thr Thr Leu Ser Gln
20

Asp Val His His Ser Lys Arg
Lys Lys Arg Lys Ser Tyr Cys
50 55

Ile Ala Leu Leu Gln Glu Met
70

Asp Trp Ala Leu Ile Leu Pro
85

Thr Ile Leu Gln Tyr Tyr Arg
100

Asn Ile Thr Pro Val Val Ala
115 120

Gly Leu Pro Arg Leu Leu Ala
130 135

Thr Ala Leu Ala Phe Ala Glu
150

Gly His His Val Lys Leu Trp
165

Asn Met Thr Tyr Ser Ala Gly
180

Ala Trp His Val Tyr Asn Glu
195 200

Glu

Cys

Phe

Asp

345

Phe

Leu

Val

Trp

Leu

425

Gln

Trp

Phe

25

Leu

Val

His

Leu

Cys

105

Leu

Arg

Tyr

Ile

His
185

Lys

Ser

Phe

Arg

330

Leu

Val

Lys

Asp

His

410

Ser

Lys

Gly

10

Thr

Ile

Asp

Val

Gly

90

Met

Trp

Gln

Ala

Thr
170

Asn

Phe

Glu

Gly

315

Gln

Glu

Ser

Lys

Val

395

Arg

Gln

Leu

Val

Asp

Lys

Phe

Thr

75

Asn

Ala

Gln

Gly

Arg

155

Met

Leu

Arg

Lys

300

Pro

Leu

Phe

Gly

Phe

380

Ile

Gly

Asp

Ile

Val

Leu

Val

Ala

60

His

Gln

Ser

Pro

Ala

140

Leu

Asn

Leu

His

Lys

Thr

Glu

Asn

Thr

365

Ile

Gly

Tyr

Lys

Glu
445

Asp

Asn

Asp

Ala

Phe

Ser

Glu

Met

125

Trp

Cys

Glu

Lys

Ala
205

Phe

Leu

Ser

His

350

Thr

Met

Tyr

Ser

Met

430

Lys

Asn

Val

30

Gly

Ile

Arg

Gln

Leu

110

Ala

Glu

Phe

Pro

Ala

190

Gln

Ile

Ser

Pro

335

Pro

Lys

Glu

Thr

Ile

415

Leu

Asn

Tyr

15

Tyr

Val

Gln

Phe

Val

95

Val

Pro

Asn

Gln

Tyr
175

His

Asn

Lys

Phe

320

Asn

Gln

Arg

Thr

Ala

400

Arg

Leu

Gly

Ile

Leu

Val

Pro

Ser

80

Asn

Arg

Asn

Pro

Glu
160
Thr

Ala

Gly
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-continued

122

Lys
Phe
225

Ile

Phe

Ala

Pro

305

Thr

Arg

Tyr

Gln

Ala

385

Phe

Asp

Asp

Ile

210

Ser

Gly

Met

Thr

Leu

290

Ile

Trp

Lys

Ile

Leu

370

His

Asn

Gln

Ser

Ser

Gln

Trp

Arg

Glu

275

Ser

Lys

Leu

Val

Ile

355

Arg

Ile

Asp

Phe

Asn
435

Ile

Lys

Leu

Asp

260

Asp

His

Tyr

Asn

Leu

340

Ser

Val

Leu

Arg

Glu

420

Gly

Ala Leu Gln Ala
215

Asp Lys Glu Val
230

Ala Glu Pro Ile
245

Trp Leu Asn Gln
Glu Lys Lys Leu
280

Tyr Thr Thr Ile
295

Asn Asp Tyr Leu
310

Ser Pro Ser Gln
325

Asn Trp Leu Lys
Asn Gly Ile Asp
360

Tyr Tyr Met Gln
375

Asp Gly Ile Asn
390

Thr Ala Pro Arg
405

Pro Lys Ala Ser

Phe

<210> SEQ ID NO 7

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Glu

1

Ala

Leu

Gln

Leu

65

Pro

Asn

Ala

Pro

Pro

Trp

His

50

Ala

Ser

Asn

Tyr

Gly
130

Gly

Glu

Ala

Gly

Pro

Pro

Val

Arg

115

Val

Asp

Ala

20

Val

Lys

Pro

Leu

Phe

100

Phe

Pro

949

Homo sapiens
7

Gly Ala Gln Thr

Ala Gly Leu Phe

Gly Ser Ala Ala

Gly Ala Ser Ile
55

Gly Asp Ser Arg
70

Gln Pro Ala Thr
85

Arg Asp Thr Glu

Ser Ile Ser Trp
120

Asn Arg Glu Gly
135

Asp

Ala

Phe

Arg

265

Ile

Leu

Glu

Val

Phe

345

Asp

Asn

Leu

Phe

Met
425

Trp

Gln

25

Tyr

Trp

Asn

Gly

Ala

105

Ala

Leu

Trp

Glu

Gly

250

Asn

Gln

Val

Val

Ala

330

Lys

Gly

Tyr

Cys

Gly

410

Lys

Ala

10

Gly

Gln

Asp

Ala

Asp
90
Leu

Arg

Arg

Ile

Arg

235

Ser

Asn

Gly

Asp

Gln

315

Val

Tyr

Leu

Ile

Gly

395

Leu

His

Arg

Thr

Thr

Thr

Ser

75

Val

Arg

Val

Tyr

Glu

220

Val

Gly

Phe

Thr

Ser

300

Glu

Val

Gly

His

Asn

380

Tyr

Tyr

Tyr

Phe

Phe

Glu

Phe

60

Leu

Ala

Glu

Leu

Tyr
140

Pro

Leu

Asp

Leu

Phe

285

Glu

Met

Pro

Asp

Ala

365

Glu

Phe

Arg

Arg

Ser

Pro

Gly

Thr

Pro

Ser

Leu

Pro

125

Arg

Ala

Glu

Tyr

Leu

270

Asp

Lys

Thr

Trp

Leu

350

Glu

Ala

Ala

Tyr

Lys
430

Arg

Asp

30

Gly

His

Leu

Asp

Gly

110

Asn

Arg

Cys

Phe

Pro

255

Pro

Phe

Glu

Asp

Gly

335

Pro

Asp

Leu

Tyr

Ala

415

Ile

Pro

15

Gly

Trp

His

Gly

Ser

95

Val

Gly

Leu

Pro

Asp

240

Trp

Tyr

Leu

Asp

Ile

320

Leu

Met

Asp

Lys

Ser

400

Ala

Ile

Pro

Phe

Gln

Pro

Ala

80

Tyr

Thr

Ser

Leu
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123

-continued

124

Glu
145
Trp

Arg

Arg

225

Ala

Gln

Arg

Phe

Pro

305

Glu

Cys

Phe

Asp

Phe

385

Leu

Trp

Leu

Gln

465

Pro

Asn

Gly

Ile
545

Arg

Asp

Ala

Phe

Val

210

Gly

His

Gly

Arg

Val

290

Glu

Ser

Phe

Arg

Leu

370

Val

Lys

Asp

His

Ser

450

Lys

Leu

Tyr

Tyr

Val
530

Gln

Leu

Leu

Leu

Gly

195

Ala

Ser

Ala

Gly

Met

275

Leu

Ser

Glu

Gly

Gln

355

Glu

Ser

Lys

Val

Arg

435

Gln

Leu

Glu

Ile

Leu
515

Val

Pro

Arg

Pro

Ala

180

Gly

Trp

Pro

Lys

Gln

260

Thr

Gly

Met

Lys

Pro

340

Leu

Phe

Gly

Phe

Ile

420

Gly

Asp

Ile

Gly

Gln
500
Trp

Thr

Gln

Glu

Gln

165

Asp

Gln

His

Arg

Val

245

Val

Asp

Trp

Lys

Lys

325

Thr

Glu

Asn

Thr

Ile

405

Gly

Tyr

Lys

Glu

Thr

485

Val

Asp

Lys

Ile

Leu

150

Arg

His

Val

Gly

Leu

230

Trp

Ser

His

Phe

Asn

310

Phe

Leu

Ser

His

Thr

390

Met

Tyr

Ser

Met

Lys

470

Phe

Asp

Val

Lys

Ala
550

Gly Val Gln Pro Val Val Thr Leu Tyr
155

Leu Gln Asp Ala Tyr Gly Gly Trp Ala
170 175

Phe Arg Asp Tyr Ala Glu Leu Cys Phe
185 190

Lys Tyr Trp Ile Thr Ile Asp Asn Pro
200 205

Tyr Ala Thr Gly Arg Leu Ala Pro Gly
215 220

Gly Tyr Leu Val Ala His Asn Leu Leu
235

His Leu Tyr Asn Thr Ser Phe Arg Pro
250 255

Ile Ala Leu Ser Ser His Trp Ile Asn
265 270

Ser Ile Lys Glu Cys Gln Lys Ser Leu
280 285

Ala Lys Pro Val Phe Ile Asp Gly Asp
295 300

Asn Leu Ser Ser Ile Leu Pro Asp Phe
315

Ile Lys Gly Thr Ala Asp Phe Phe Ala
330 335

Ser Phe Gln Leu Leu Asp Pro His Met
345 350

Pro Asn Leu Arg Gln Leu Leu Ser Trp
360 365

Pro Gln Ile Phe Ile Val Glu Asn Gly
375 380

Lys Arg Asp Asp Ala Lys Tyr Met Tyr
395

Glu Thr Leu Lys Ala Ile Lys Leu Asp
410 415

Thr Ala Trp Ser Leu Met Asp Gly Phe
425 430

Ile Arg Arg Gly Leu Phe Tyr Val Asp
440 445

Leu Leu Pro Lys Ser Ser Ala Leu Phe
455 460

Asn Gly Phe Pro Pro Leu Pro Glu Asn
475

Pro Cys Asp Phe Ala Trp Gly Val Val
490 495

Thr Thr Leu Ser Gln Phe Thr Asp Leu
505 510

His His Ser Lys Arg Leu Ile Lys Val
520 525

Arg Lys Ser Tyr Cys Val Asp Phe Ala
535 540

Leu Leu Gln Glu Met His Val Thr His
555

His

160

Asn

Arg

Tyr

Ile

Leu

240

Thr

Pro

Asp

Tyr

Thr

320

Leu

Lys

Ile

Trp

Tyr

400

Gly

Glu

Phe

Tyr

Gln

480

Asp

Asn

Asp

Ala

Phe
560
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-continued

126

Arg

Gln

Leu

Ala

Glu

625

Phe

Pro

Ala

Gln

Ala

705

Glu

Tyr

Leu

Asp

Lys

785

Thr

Trp

Leu

Glu

Ala

865

Ala

Tyr

Lys

Phe

Thr
945

Phe

Val

Val

Pro

610

Asn

Gln

Tyr

His

Asn

690

Cys

Phe

Pro

Pro

Phe

770

Glu

Asp

Gly

Pro

Asp

850

Leu

Tyr

Ala

Ile

Cys
930

Arg

Ser

Asn

Arg

595

Asn

Pro

Glu

Thr

Ala

675

Gly

Pro

Asp

Trp

Tyr

755

Leu

Asp

Ile

Leu

Met

835

Asp

Lys

Ser

Ala

Ile
915

Pro

Lys

Leu

His

580

Val

Gln

Tyr

Leu

Arg

660

Leu

Lys

Phe

Ile

Val

740

Phe

Ala

Pro

Thr

Arg

820

Tyr

Gln

Ala

Phe

Asp

900

Asp

Glu

Ser

Asp

565

Thr

Asn

Gly

Thr

Gly

645

Asn

Ala

Ile

Ser

Gly

725

Met

Thr

Leu

Ile

Trp

805

Lys

Ile

Leu

His

Asn

885

Gln

Ser

Glu

Leu

<210> SEQ ID NO 8

<211> LENGTH:

<212> TYPE:

PRT

33

Trp

Ile

Ile

Leu

Ala

630

His

Met

Trp

Ser

Gln

710

Trp

Arg

Glu

Ser

Lys

790

Leu

Val

Ile

Arg

Ile

870

Asp

Phe

Asn

Phe

Ala

Leu

Thr

Pro

615

Leu

His

Thr

His

Ile

695

Lys

Leu

Asp

Asp

His

775

Tyr

Asn

Leu

Ser

Val

855

Leu

Arg

Glu

Gly

Thr
935

Leu

Gln

Pro

600

Arg

Ala

Val

Tyr

Val

680

Ala

Asp

Ala

Trp

Glu

760

Tyr

Asn

Ser

Asn

Asn

840

Tyr

Asp

Thr

Pro

Phe
920

Val

Ile

Tyr

585

Val

Leu

Phe

Lys

Ser

665

Tyr

Leu

Lys

Glu

Leu

745

Lys

Thr

Asp

Pro

Trp

825

Gly

Tyr

Gly

Ala

Lys

905

Pro

Cys

Leu

570

Tyr

Val

Leu

Ala

Leu

650

Ala

Asn

Gln

Glu

Pro

730

Asn

Lys

Thr

Tyr

Ser

810

Leu

Ile

Met

Ile

Pro

890

Ala

Gly

Thr

Pro

Arg

Ala

Ala

Glu

635

Trp

Gly

Glu

Ala

Val

715

Ile

Gln

Leu

Ile

Leu

795

Gln

Lys

Asp

Gln

Asn

875

Arg

Ser

Pro

Glu

Leu Gly Asn Gln

Cys

Leu

Arg

620

Tyr

Ile

His

Lys

Asp

700

Ala

Phe

Arg

Ile

Leu

780

Glu

Val

Phe

Asp

Asn

860

Leu

Phe

Met

Glu

Cys
940

Met

Trp

605

Gln

Ala

Thr

Asn

Phe

685

Trp

Glu

Gly

Asn

Gln

765

Val

Val

Ala

Lys

Gly

845

Tyr

Cys

Gly

Lys

Thr
925

Ser

Ala

590

Gln

Gly

Arg

Met

Leu

670

Arg

Ile

Arg

Ser

Asn

750

Gly

Asp

Gln

Val

Tyr

830

Leu

Ile

Gly

Leu

His

910

Leu

Phe

575

Ser

Pro

Ala

Leu

Asn

655

Leu

His

Glu

Val

Gly

735

Phe

Thr

Ser

Glu

Val

815

Gly

His

Asn

Tyr

Tyr

895

Tyr

Glu

Phe

Ser

Glu

Met

Trp

Cys

640

Glu

Lys

Ala

Pro

Leu

720

Asp

Leu

Phe

Glu

Met

800

Pro

Asp

Ala

Glu

Phe

880

Arg

Arg

Arg

His
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-continued

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 8

Met Pro Ala Ser Ala Pro Pro Arg Arg Pro Arg Pro Pro Pro Pro Ser
1 5 10 15

Leu Ser Leu Leu Leu Val Leu Leu Gly Leu Gly Gly Arg Arg Leu Arg
20 25 30

Ala

<210> SEQ ID NO 9

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

Met Ser Val Leu Thr Gln Val Leu Ala Leu Leu Leu Leu Trp Leu Thr
1 5 10 15

Gly Thr Arg Cys Arg Arg Leu Arg Ala
20 25

<210> SEQ ID NO 10

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: linker

<400> SEQUENCE: 10

ggaggtggag gttcaggagg tggaggttca ggaggtggag gttca 45

<210> SEQ ID NO 11

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: linker

<400> SEQUENCE: 11

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
1 5 10 15

<210> SEQ ID NO 12

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: linker

<400> SEQUENCE: 12
Gly Gly Gly Gly Ser

1 5

<210> SEQ ID NO 13

<211> LENGTH: 1

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: linker

<400> SEQUENCE: 13

Gly

<210> SEQ ID NO 14
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129 130

-continued

<211> LENGTH: 2

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: linker

<400> SEQUENCE: 14

Gly Gly
1

<210> SEQ ID NO 15

<211> LENGTH: 2

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: linker

<400> SEQUENCE: 15

Gly Ser
1

<210> SEQ ID NO 16

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: linker

<400> SEQUENCE: 16

Gly Gly Ser
1

<210> SEQ ID NO 17

<211> LENGTH: 1

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: linker

<400> SEQUENCE: 17

Ala

<210> SEQ ID NO 18

<211> LENGTH: 2

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: linker

<400> SEQUENCE: 18

Ala Ala
1

<210> SEQ ID NO 19

<211> LENGTH: 1228

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: fusion polypeptide

<400> SEQUENCE: 19

Met Pro Ala Ser Ala Pro Pro Arg Arg Pro Arg Pro Pro Pro Pro Ser
1 5 10 15

Leu Ser Leu Leu Leu Val Leu Leu Gly Leu Gly Gly Arg Arg Leu Arg
20 25 30
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-continued

132

Ala

Pro

Phe

65

Gln

Pro

Ala

Tyr

Thr

145

Ser

Leu

Asn

Arg

225

Tyr

Ile

Leu

Thr

Pro

305

Asp

Tyr

Thr

Leu

Lys

385

Ile

Trp

Tyr

Gly

Glu

Ala

50

Leu

Gln

Leu

Pro

Asn

130

His

Ala

Glu

Trp

Arg

210

His

Val

Arg

Ala

Gln

290

Arg

Phe

Pro

Glu

Cys

370

Phe

Asp

Phe

Leu

Val

Pro

35

Pro

Trp

His

Ala

Ser

115

Asn

Tyr

Gly

Arg

Asp

195

Ala

Phe

Val

Gly

His

275

Gly

Arg

Val

Glu

Ser

355

Phe

Arg

Leu

Val

Lys
435

Asp

Gly

Glu

Ala

Gly

Pro

100

Pro

Val

Arg

Val

Leu

180

Leu

Leu

Gly

Ala

Ser

260

Ala

Gly

Met

Leu

Ser

340

Glu

Gly

Gln

Glu

Ser
420

Lys

Val

Asp

Ala

Val

Lys

85

Pro

Leu

Phe

Phe

Pro

165

Arg

Pro

Ala

Gly

Trp

245

Pro

Lys

Gln

Thr

Gly

325

Met

Lys

Pro

Leu

Phe
405
Gly

Phe

Ile

Gly

Ala

Gly

70

Gly

Gly

Gln

Arg

Ser

150

Asn

Glu

Gln

Asp

Gln

230

His

Arg

Val

Val

Asp

310

Trp

Lys

Lys

Thr

Glu

390

Asn

Thr

Ile

Gly

Ala

Gly

55

Ser

Ala

Asp

Pro

Asp

135

Ile

Arg

Leu

Arg

His

215

Val

Gly

Leu

Trp

Ser

295

His

Phe

Asn

Phe

Leu

375

Ser

His

Thr

Met

Tyr

Gln

40

Leu

Ala

Ser

Ser

Ala

120

Thr

Ser

Glu

Gly

Leu

200

Phe

Lys

Tyr

Gly

His

280

Ile

Ser

Ala

Asn

Ile

360

Ser

Pro

Pro

Lys

Glu
440

Thr

Thr

Phe

Ala

Ile

Arg

105

Thr

Glu

Trp

Gly

Val

185

Gln

Arg

Tyr

Ala

Tyr

265

Leu

Ala

Ile

Lys

Leu

345

Lys

Phe

Asn

Gln

Arg
425

Thr

Ala

Trp

Gln

Tyr

Trp

90

Asn

Gly

Ala

Ala

Leu

170

Gln

Asp

Asp

Trp

Thr

250

Leu

Tyr

Leu

Lys

Pro

330

Ser

Gly

Gln

Leu

Ile
410
Asp

Leu

Trp

Ala

Gly

Gln

75

Asp

Ala

Asp

Leu

Arg

155

Arg

Pro

Ala

Tyr

Ile

235

Gly

Val

Asn

Ser

Glu

315

Val

Ser

Thr

Leu

Arg

395

Phe

Asp

Lys

Ser

Arg

Thr

60

Thr

Thr

Ser

Val

Arg

140

Val

Tyr

Val

Tyr

Ala

220

Thr

Arg

Ala

Thr

Ser

300

Cys

Phe

Ile

Ala

Leu

380

Gln

Ile

Ala

Ala

Leu

Phe

45

Phe

Glu

Phe

Leu

Ala

125

Glu

Leu

Tyr

Val

Gly

205

Glu

Ile

Leu

His

Ser

285

His

Gln

Ile

Leu

Asp

365

Asp

Leu

Val

Lys

Ile
445

Met

Ser

Pro

Gly

Thr

Pro

110

Ser

Leu

Pro

Arg

Thr

190

Gly

Leu

Asp

Ala

Asn

270

Phe

Trp

Lys

Asp

Pro

350

Phe

Pro

Leu

Glu

Tyr
430

Lys

Asp

Arg

Asp

Gly

His

95

Leu

Asp

Gly

Asn

Arg

175

Leu

Trp

Cys

Asn

Pro

255

Leu

Arg

Ile

Ser

Gly

335

Asp

Phe

His

Ser

Asn
415
Met

Leu

Gly

Pro

Gly

Trp

80

His

Gly

Ser

Val

Gly

160

Leu

Tyr

Ala

Phe

Pro

240

Gly

Leu

Pro

Asn

Leu

320

Asp

Phe

Ala

Met

Trp

400

Gly

Tyr

Asp

Phe
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133

-continued

134

Glu

465

Phe

Tyr

Gln

Asp

Asn

545

Asp

Ala

Phe

Ser

Glu

625

Met

Trp

Cys

Glu

Lys

705

Ala

Pro

Leu

Asp

Leu

785

Phe

Glu

Met

Pro

Asp
865

450

Trp

Leu

Gln

Pro

Asn

530

Val

Gly

Ile

Arg

Gln

610

Leu

Ala

Glu

Phe

Pro

690

Ala

Gln

Ala

Glu

Tyr

770

Leu

Asp

Lys

Thr

Trp
850

Leu

His

Ser

Lys

Leu

515

Tyr

Tyr

Val

Gln

Phe

595

Val

Val

Pro

Asn

Gln

675

Tyr

His

Asn

Cys

Phe

755

Pro

Pro

Phe

Glu

Asp
835

Gly

Pro

Arg

Gln

Leu

500

Glu

Ile

Leu

Val

Pro

580

Ser

Asn

Arg

Asn

Pro

660

Glu

Thr

Ala

Gly

Pro

740

Asp

Trp

Tyr

Leu

Asp
820
Ile

Leu

Met

Gly

Asp

485

Ile

Gly

Gln

Trp

Thr

565

Gln

Leu

His

Val

Gln

645

Tyr

Leu

Arg

Leu

Lys

725

Phe

Ile

Val

Phe

Ala

805

Pro

Thr

Arg

Tyr

Tyr

470

Lys

Glu

Thr

Val

Asp

550

Lys

Ile

Asp

Thr

Asn

630

Gly

Thr

Gly

Asn

Ala

710

Ile

Ser

Gly

Met

Thr

790

Leu

Ile

Trp

Lys

Ile
870

455 460

Ser Ile Arg Arg Gly Leu Phe Tyr Val
475

Met Leu Leu Pro Lys Ser Ser Ala Leu
490 495

Lys Asn Gly Phe Pro Pro Leu Pro Glu
505 510

Phe Pro Cys Asp Phe Ala Trp Gly Val
520 525

Asp Thr Thr Leu Ser Gln Phe Thr Asp
535 540

Val His His Ser Lys Arg Leu Ile Lys
555

Lys Arg Lys Ser Tyr Cys Val Asp Phe
570 575

Ala Leu Leu Gln Glu Met His Val Thr
585 590

Trp Ala Leu Ile Leu Pro Leu Gly Asn
600 605

Ile Leu Gln Tyr Tyr Arg Cys Met Ala
615 620

Ile Thr Pro Val Val Ala Leu Trp Gln
635

Leu Pro Arg Leu Leu Ala Arg Gln Gly
650 655

Ala Leu Ala Phe Ala Glu Tyr Ala Arg
665 670

His His Val Lys Leu Trp Ile Thr Met
680 685

Met Thr Tyr Ser Ala Gly His Asn Leu
695 700

Trp His Val Tyr Asn Glu Lys Phe Arg
715

Ser Ile Ala Leu Gln Ala Asp Trp Ile
730 735

Gln Lys Asp Lys Glu Val Ala Glu Arg
745 750

Trp Leu Ala Glu Pro Ile Phe Gly Ser
760 765

Arg Asp Trp Leu Asn Gln Arg Asn Asn
775 780

Glu Asp Glu Lys Lys Leu Ile Gln Gly
795

Ser His Tyr Thr Thr Ile Leu Val Asp
810 815

Lys Tyr Asn Asp Tyr Leu Glu Val Gln
825 830

Leu Asn Ser Pro Ser Gln Val Ala Val
840 845

Val Leu Asn Trp Leu Lys Phe Lys Tyr
855 860

Ile Ser Asn Gly Ile Asp Asp Gly Leu
875

Asp

480

Phe

Asn

Val

Leu

Val

560

Ala

His

Gln

Ser

Pro

640

Ala

Leu

Asn

Leu

His

720

Glu

Val

Gly

Phe

Thr

800

Ser

Glu

Val

Gly

His
880
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136

-continued
Ala Glu Asp Asp Gln Leu Arg Val Tyr Tyr Met Gln Asn Tyr Ile Asn
885 890 895
Glu Ala Leu Lys Ala His Ile Leu Asp Gly Ile Asn Leu Cys Gly Tyr
900 905 910
Phe Ala Tyr Ser Phe Asn Asp Arg Thr Ala Pro Arg Phe Gly Leu Tyr
915 920 925
Arg Tyr Ala Ala Asp Gln Phe Glu Pro Lys Ala Ser Met Lys His Tyr
930 935 940
Arg Lys Ile Ile Asp Ser Asn Gly Phe Pro Gly Pro Glu Thr Leu Glu
945 950 955 960
Arg Phe Cys Pro Glu Glu Phe Thr Val Cys Thr Glu Cys Ser Phe Phe
965 970 975
His Thr Arg Lys Ser Leu Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly
980 985 990
Gly Ser Gly Gly Gly Gly Ser Leu Lys Tyr Pro Asn Ala Ser Pro Leu
995 1000 1005
Leu Gly Ser Ser Trp Gly Gly Leu Ile His Leu Tyr Thr Ala Thr
1010 1015 1020
Ala Arg Asn Ser Tyr His Leu Gln Ile His Lys Asn Gly His Val
1025 1030 1035
Asp Gly Ala Pro His Gln Thr Ile Tyr Ser Ala Leu Met Ile Arg
1040 1045 1050
Ser Glu Asp Ala Gly Phe Val Val Ile Thr Gly Val Met Ser Arg
1055 1060 1065
Arg Tyr Leu Cys Met Asp Phe Arg Gly Asn Ile Phe Gly Ser His
1070 1075 1080
Tyr Phe Asp Pro Glu Asn Cys Arg Phe Gln His Gln Thr Leu Glu
1085 1090 1095
Asn Gly Tyr Asp Val Tyr His Ser Pro Gln Tyr His Phe Leu Val
1100 1105 1110
Ser Leu Gly Arg Ala Lys Arg Ala Phe Leu Pro Gly Met Asn Pro
1115 1120 1125
Pro Pro Tyr Ser Gln Phe Leu Ser Arg Arg Asn Glu Ile Pro Leu
1130 1135 1140
Ile His Phe Asn Thr Pro Ile Pro Arg Arg His Thr Gln Ser Ala
1145 1150 1155
Glu Asp Asp Ser Glu Arg Asp Pro Leu Asn Val Leu Lys Pro Arg
1160 1165 1170
Ala Arg Met Thr Pro Ala Pro Ala Ser Cys Ser Gln Glu Leu Pro
1175 1180 1185
Ser Ala Glu Asp Asn Ser Pro Met Ala Ser Asp Pro Leu Gly Val
1190 1195 1200
Val Arg Gly Gly Arg Val Asn Thr His Ala Gly Gly Thr Gly Pro
1205 1210 1215
Glu Gly Cys Arg Pro Phe Ala Lys Phe Ile
1220 1225
<210> SEQ ID NO 20
<211> LENGTH: 1220
<212> TYPE: PRT
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: fusion polypeptide
<400> SEQUENCE: 20
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137

-continued

138

Met

Gly

Thr

Phe

Ala

65

Ile

Arg

Thr

Glu

Trp

145

Gly

Gln

Arg

Tyr

225

Ala

Tyr

Leu

Ala

Ile

305

Lys

Leu

Lys

Phe

Asn
385

Gln

Ser

Leu

Trp

Gln

50

Tyr

Trp

Asn

Gly

Ala

130

Ala

Leu

Gln

Asp

Asp

210

Trp

Thr

Leu

Tyr

Leu

290

Lys

Pro

Ser

Gly

Gln

370

Leu

Ile

Val

Gly

Ala

35

Gly

Gln

Asp

Ala

Asp

115

Leu

Arg

Arg

Pro

Ala

195

Tyr

Ile

Gly

Val

Asn

275

Ser

Glu

Val

Ser

Thr
355
Leu

Arg

Phe

Leu

Gly

20

Arg

Thr

Thr

Thr

Ser

100

Val

Arg

Val

Tyr

Val

180

Tyr

Ala

Thr

Arg

Ala

260

Thr

Ser

Cys

Phe

Ile

340

Ala

Leu

Gln

Ile

Thr

Arg

Phe

Phe

Glu

Phe

85

Leu

Ala

Glu

Leu

Tyr

165

Val

Gly

Glu

Ile

Leu

245

His

Ser

His

Gln

Ile

325

Leu

Asp

Asp

Leu

Val
405

Gln

Arg

Ser

Pro

Gly

Thr

Pro

Ser

Leu

Pro

150

Arg

Thr

Gly

Leu

Asp

230

Ala

Asn

Phe

Trp

Lys

310

Asp

Pro

Phe

Pro

Leu

390

Glu

Val Leu Ala Leu Leu Leu Leu Trp Leu
10 15

Leu Arg Ala Glu Pro Gly Asp Gly Ala
25 30

Arg Pro Pro Ala Pro Glu Ala Ala Gly
40 45

Asp Gly Phe Leu Trp Ala Val Gly Ser
55 60

Gly Trp Gln Gln His Gly Lys Gly Ala
His His Pro Leu Ala Pro Pro Gly Asp
90 95

Leu Gly Ala Pro Ser Pro Leu Gln Pro
105 110

Asp Ser Tyr Asn Asn Val Phe Arg Asp
120 125

Gly Val Thr His Tyr Arg Phe Ser Ile
135 140

Asn Gly Ser Ala Gly Val Pro Asn Arg
155

Arg Leu Leu Glu Arg Leu Arg Glu Leu
170 175

Leu Tyr His Trp Asp Leu Pro Gln Arg
185 190

Trp Ala Asn Arg Ala Leu Ala Asp His
200 205

Cys Phe Arg His Phe Gly Gly Gln Val
215 220

Asn Pro Tyr Val Val Ala Trp His Gly
235

Pro Gly Ile Arg Gly Ser Pro Arg Leu
250 255

Leu Leu Leu Ala His Ala Lys Val Trp
265 270

Arg Pro Thr Gln Gly Gly Gln Val Ser
280 285

Ile Asn Pro Arg Arg Met Thr Asp His
295 300

Ser Leu Asp Phe Val Leu Gly Trp Phe
315

Gly Asp Tyr Pro Glu Ser Met Lys Asn
330 335

Asp Phe Thr Glu Ser Glu Lys Lys Phe
345 350

Phe Ala Leu Cys Phe Gly Pro Thr Leu
360 365

His Met Lys Phe Arg Gln Leu Glu Ser
375 380

Ser Trp Ile Asp Leu Glu Phe Asn His
395

Asn Gly Trp Phe Val Ser Gly Thr Thr
410 415

Thr

Gln

Leu

Ala

Ser

80

Ser

Ala

Thr

Ser

Glu

160

Gly

Leu

Phe

Lys

Tyr

240

Gly

His

Ile

Ser

Ala

320

Asn

Ile

Ser

Pro

Pro

400

Lys
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-continued

140

Arg

Thr

Ala

Arg

465

Leu

Gly

Cys

Thr

His

545

Lys

Leu

Leu

Gln

Pro

625

Arg

Ala

Ala

Asp

Ala

Trp

Glu

785

Tyr

Asn

Ser

Asp

Leu

Trp

450

Arg

Pro

Phe

Asp

Leu

530

Ser

Ser

Gln

Ile

Tyr

610

Val

Leu

Phe

Lys

Ser

690

Tyr

Leu

Lys

Glu

Leu

770

Lys

Thr

Asp

Pro

Asp

Lys

435

Ser

Gly

Lys

Pro

Phe

515

Ser

Lys

Tyr

Glu

Leu

595

Tyr

Val

Leu

Ala

Leu

675

Ala

Asn

Gln

Glu

Pro

755

Asn

Lys

Thr

Tyr

Ser

Ala

420

Ala

Leu

Leu

Ser

Pro

500

Ala

Gln

Arg

Cys

Met

580

Pro

Arg

Ala

Ala

Glu

660

Trp

Gly

Glu

Ala

Val

740

Ile

Gln

Leu

Ile

Leu
820

Gln

Lys

Ile

Met

Phe

Ser

485

Leu

Trp

Phe

Leu

Val

565

His

Leu

Cys

Leu

Arg

645

Tyr

Ile

His

Lys

Asp

725

Ala

Phe

Arg

Ile

Leu
805

Glu

Val

Tyr

Lys

Asp

Tyr

470

Ala

Pro

Gly

Thr

Ile

550

Asp

Val

Gly

Met

Trp

630

Gln

Ala

Thr

Asn

Phe

710

Trp

Glu

Gly

Asn

Gln
790
Val

Val

Ala

Met

Leu

Gly

455

Val

Leu

Glu

Val

Asp

535

Lys

Phe

Thr

Asn

Ala

615

Gln

Gly

Arg

Met

Leu

695

Arg

Ile

Arg

Ser

Asn

775

Gly

Asp

Gln

Val

Tyr

Asp

440

Phe

Asp

Phe

Asn

Val

520

Leu

Val

Ala

His

Gln

600

Ser

Pro

Ala

Leu

Asn

680

Leu

His

Glu

Val

Gly

760

Phe

Thr

Ser

Glu

Val

Tyr

425

Gly

Glu

Phe

Tyr

Gln

505

Asp

Asn

Asp

Ala

Phe

585

Ser

Glu

Met

Trp

Cys

665

Glu

Lys

Ala

Pro

Leu

745

Asp

Leu

Phe

Glu

Met
825

Pro

Leu

Val

Trp

Leu

Gln

490

Pro

Asn

Val

Gly

Ile

570

Arg

Gln

Leu

Ala

Glu

650

Phe

Pro

Ala

Gln

Ala

730

Glu

Tyr

Leu

Asp

Lys

810

Thr

Trp

Lys

Asp

His

Ser

475

Lys

Leu

Tyr

Tyr

Val

555

Gln

Phe

Val

Val

Pro

635

Asn

Gln

Tyr

His

Asn

715

Cys

Phe

Pro

Pro

Phe
795
Glu

Asp

Gly

Lys

Val

Arg

460

Gln

Leu

Glu

Ile

Leu

540

Val

Pro

Ser

Asn

Arg

620

Asn

Pro

Glu

Thr

Ala

700

Gly

Pro

Asp

Trp

Tyr

780

Leu

Asp

Ile

Leu

Phe

Ile

445

Gly

Asp

Ile

Gly

Gln

525

Trp

Thr

Gln

Leu

His

605

Val

Gln

Tyr

Leu

Arg

685

Leu

Lys

Phe

Ile

Val

765

Phe

Ala

Pro

Thr

Arg

Ile

430

Gly

Tyr

Lys

Glu

Thr

510

Val

Asp

Lys

Ile

Asp

590

Thr

Asn

Gly

Thr

Gly

670

Asn

Ala

Ile

Ser

Gly

750

Met

Thr

Leu

Ile

Trp
830

Lys

Met

Tyr

Ser

Met

Lys

495

Phe

Asp

Val

Lys

Ala

575

Trp

Ile

Ile

Leu

Ala

655

His

Met

Trp

Ser

Gln

735

Trp

Arg

Glu

Ser

Lys
815

Leu

Val

Glu

Thr

Ile

Leu

480

Asn

Pro

Thr

His

Arg

560

Leu

Ala

Leu

Thr

Pro

640

Leu

His

Thr

His

Ile

720

Lys

Leu

Asp

Asp

His

800

Tyr

Asn

Leu
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141

142

-continued
835 840 845
Asn Trp Leu Lys Phe Lys Tyr Gly Asp Leu Pro Met Tyr Ile Ile Ser
850 855 860
Asn Gly Ile Asp Asp Gly Leu His Ala Glu Asp Asp Gln Leu Arg Val
865 870 875 880
Tyr Tyr Met Gln Asn Tyr Ile Asn Glu Ala Leu Lys Ala His Ile Leu
885 890 895
Asp Gly Ile Asn Leu Cys Gly Tyr Phe Ala Tyr Ser Phe Asn Asp Arg
900 905 910
Thr Ala Pro Arg Phe Gly Leu Tyr Arg Tyr Ala Ala Asp Gln Phe Glu
915 920 925
Pro Lys Ala Ser Met Lys His Tyr Arg Lys Ile Ile Asp Ser Asn Gly
930 935 940
Phe Pro Gly Pro Glu Thr Leu Glu Arg Phe Cys Pro Glu Glu Phe Thr
945 950 955 960
Val Cys Thr Glu Cys Ser Phe Phe His Thr Arg Lys Ser Leu Gly Ser
965 970 975
Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Leu
980 985 990
Lys Tyr Pro Asn Ala Ser Pro Leu Leu Gly Ser Ser Trp Gly Gly Leu
995 1000 1005
Ile His Leu Tyr Thr Ala Thr Ala Arg Asn Ser Tyr His Leu Gln
1010 1015 1020
Ile His Lys Asn Gly His Val Asp Gly Ala Pro His Gln Thr Ile
1025 1030 1035
Tyr Ser Ala Leu Met Ile Arg Ser Glu Asp Ala Gly Phe Val Val
1040 1045 1050
Ile Thr Gly Val Met Ser Arg Arg Tyr Leu Cys Met Asp Phe Arg
1055 1060 1065
Gly Asn Ile Phe Gly Ser His Tyr Phe Asp Pro Glu Asn Cys Arg
1070 1075 1080
Phe Gln His Gln Thr Leu Glu Asn Gly Tyr Asp Val Tyr His Ser
1085 1090 1095
Pro Gln Tyr His Phe Leu Val Ser Leu Gly Arg Ala Lys Arg Ala
1100 1105 1110
Phe Leu Pro Gly Met Asn Pro Pro Pro Tyr Ser Gln Phe Leu Ser
1115 1120 1125
Arg Arg Asn Glu Ile Pro Leu Ile His Phe Asn Thr Pro Ile Pro
1130 1135 1140
Arg Arg His Thr Gln Ser Ala Glu Asp Asp Ser Glu Arg Asp Pro
1145 1150 1155
Leu Asn Val Leu Lys Pro Arg Ala Arg Met Thr Pro Ala Pro Ala
1160 1165 1170
Ser Cys Ser Gln Glu Leu Pro Ser Ala Glu Asp Asn Ser Pro Met
1175 1180 1185
Ala Ser Asp Pro Leu Gly Val Val Arg Gly Gly Arg Val Asn Thr
1190 1195 1200
His Ala Gly Gly Thr Gly Pro Glu Gly Cys Arg Pro Phe Ala Lys
1205 1210 1215
Phe Ile
1220
<210> SEQ ID NO 21
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143 144

-continued

<211> LENGTH: 762

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: fusion polypeptide

<400> SEQUENCE: 21

Met Pro Ala Ser Ala Pro Pro Arg Arg Pro Arg Pro Pro Pro Pro Ser
1 5 10 15

Leu Ser Leu Leu Leu Val Leu Leu Gly Leu Gly Gly Arg Arg Leu Arg
20 25 30

Ala Glu Pro Gly Asp Gly Ala Gln Thr Trp Ala Arg Phe Ser Arg Pro
35 40 45

Pro Ala Pro Glu Ala Ala Gly Leu Phe Gln Gly Thr Phe Pro Asp Gly
50 55 60

Phe Leu Trp Ala Val Gly Ser Ala Ala Tyr Gln Thr Glu Gly Gly Trp
65 70 75 80

Gln Gln His Gly Lys Gly Ala Ser Ile Trp Asp Thr Phe Thr His His
85 90 95

Pro Leu Ala Pro Pro Gly Asp Ser Arg Asn Ala Ser Leu Pro Leu Gly
100 105 110

Ala Pro Ser Pro Leu Gln Pro Ala Thr Gly Asp Val Ala Ser Asp Ser
115 120 125

Tyr Asn Asn Val Phe Arg Asp Thr Glu Ala Leu Arg Glu Leu Gly Val
130 135 140

Thr His Tyr Arg Phe Ser Ile Ser Trp Ala Arg Val Leu Pro Asn Gly
145 150 155 160

Ser Ala Gly Val Pro Asn Arg Glu Gly Leu Arg Tyr Tyr Arg Arg Leu
165 170 175

Leu Glu Arg Leu Arg Glu Leu Gly Val Gln Pro Val Val Thr Leu Tyr
180 185 190

His Trp Asp Leu Pro Gln Arg Leu Gln Asp Ala Tyr Gly Gly Trp Ala
195 200 205

Asn Arg Ala Leu Ala Asp His Phe Arg Asp Tyr Ala Glu Leu Cys Phe
210 215 220

Arg His Phe Gly Gly Gln Val Lys Tyr Trp Ile Thr Ile Asp Asn Pro
225 230 235 240

Tyr Val Val Ala Trp His Gly Tyr Ala Thr Gly Arg Leu Ala Pro Gly
245 250 255

Ile Arg Gly Ser Pro Arg Leu Gly Tyr Leu Val Ala His Asn Leu Leu
260 265 270

Leu Ala His Ala Lys Val Trp His Leu Tyr Asn Thr Ser Phe Arg Pro
275 280 285

Thr Gln Gly Gly Gln Val Ser Ile Ala Leu Ser Ser His Trp Ile Asn
290 295 300

Pro Arg Arg Met Thr Asp His Ser Ile Lys Glu Cys Gln Lys Ser Leu
305 310 315 320

Asp Phe Val Leu Gly Trp Phe Ala Lys Pro Val Phe Ile Asp Gly Asp
325 330 335

Tyr Pro Glu Ser Met Lys Asn Asn Leu Ser Ser Ile Leu Pro Asp Phe
340 345 350

Thr Glu Ser Glu Lys Lys Phe Ile Lys Gly Thr Ala Asp Phe Phe Ala
355 360 365

Leu Cys Phe Gly Pro Thr Leu Ser Phe Gln Leu Leu Asp Pro His Met
370 375 380
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145

-continued

146

Lys

385

Ile

Trp

Tyr

Gly

Glu

465

Phe

Tyr

Gln

Gly

Ser

545

Ser

Phe

Phe

Arg

625

Pro

Leu

Asn

Thr

Lys

705

Leu

Glu

<210>
<211>
<212>
<213>
<220>

Phe

Asp

Phe

Leu

Val

450

Trp

Leu

Gln

Pro

Gly

530

Ser

Tyr

Gln

Val

Arg

610

Phe

Gln

Pro

Glu

Gln

690

Pro

Pro

Val

Gly

Arg

Leu

Val

Lys

435

Asp

His

Ser

Lys

Leu

515

Gly

Trp

His

Thr

Val

595

Gly

Gln

Tyr

Gly

Ile

675

Ser

Arg

Ser

Arg

Cys
755

Gln

Glu

Ser

420

Lys

Val

Arg

Gln

Leu

500

Glu

Gly

Gly

Leu

Ile

580

Ile

Asn

His

His

Met

660

Pro

Ala

Ala

Ala
Gly
740

Arg

PRT

Leu

Phe

405

Gly

Phe

Ile

Gly

Asp

485

Ile

Gly

Ser

Gly

Gln

565

Tyr

Thr

Ile

Gln

Phe

645

Asn

Leu

Glu

Arg

Glu
725

Gly

Pro

SEQ ID NO 22
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:

752

Glu

390

Asn

Thr

Ile

Gly

Tyr

470

Lys

Glu

Ser

Leu

Leu

550

Ile

Ser

Gly

Phe

Thr

630

Leu

Pro

Ile

Asp

Met

710

Asp

Arg

Phe

Ser Pro Asn Leu Arg Gln Leu Leu Ser
395

His Pro Gln Ile Phe Ile Val Glu Asn
410 415

Thr Lys Arg Asp Asp Ala Lys Tyr Met
425 430

Met Glu Thr Leu Lys Ala Ile Lys Leu
440 445

Tyr Thr Ala Trp Ser Leu Met Asp Gly
455 460

Ser Ile Arg Arg Gly Leu Phe Tyr Val
475

Met Leu Leu Pro Lys Ser Ser Ala Leu
490 495

Lys Asn Gly Phe Pro Pro Leu Pro Glu
505 510

Gly Gly Gly Gly Ser Gly Gly Gly Gly
520 525

Lys Tyr Pro Asn Ala Ser Pro Leu Leu
535 540

Ile His Leu Tyr Thr Ala Thr Ala Arg
555

His Lys Asn Gly His Val Asp Gly Ala
570 575

Ala Leu Met Ile Arg Ser Glu Asp Ala
585 590

Val Met Ser Arg Arg Tyr Leu Cys Met
600 605

Gly Ser His Tyr Phe Asp Pro Glu Asn
615 620

Leu Glu Asn Gly Tyr Asp Val Tyr His
635

Val Ser Leu Gly Arg Ala Lys Arg Ala
650 655

Pro Pro Tyr Ser Gln Phe Leu Ser Arg
665 670

His Phe Asn Thr Pro Ile Pro Arg Arg
680 685

Asp Ser Glu Arg Asp Pro Leu Asn Val
695 700

Thr Pro Ala Pro Ala Ser Cys Ser Gln
715

Asn Ser Pro Met Ala Ser Asp Pro Leu
730 735

Val Asn Thr His Ala Gly Gly Thr Gly
745 750

Ala Lys Phe Ile
760

Trp

400

Gly

Tyr

Asp

Phe

Asp

480

Phe

Asn

Ser

Gly

Asn

560

Pro

Gly

Asp

Cys

Ser

640

Phe

Arg

His

Leu

Glu

720

Gly

Pro
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147

-continued

148

<223> OTHER INFORMATION: fusion polypeptide
<400> SEQUENCE: 22

Met Pro Ala Ser Ala Pro Pro Arg Arg Pro Arg Pro Pro Pro Pro
1 5 10 15

Leu Ser Leu Leu Leu Val Leu Leu Gly Leu Gly Gly Arg Arg Leu
20 25 30

Leu Pro Glu Asn Gln Pro Leu Glu Gly Thr Phe Pro Cys Asp Phe
35 40 45

Trp Gly Val Val Asp Asn Tyr Ile Gln Val Asp Thr Thr Leu Ser
Phe Thr Asp Leu Asn Val Tyr Leu Trp Asp Val His His Ser Lys
65 70 75

Leu Ile Lys Val Asp Gly Val Val Thr Lys Lys Arg Lys Ser Tyr
85 90 95

Val Asp Phe Ala Ala Ile Gln Pro Gln Ile Ala Leu Leu Gln Glu
100 105 110

His Val Thr His Phe Arg Phe Ser Leu Asp Trp Ala Leu Ile Leu
115 120 125

Leu Gly Asn Gln Ser Gln Val Asn His Thr Ile Leu Gln Tyr Tyr
130 135 140

Cys Met Ala Ser Glu Leu Val Arg Val Asn Ile Thr Pro Val Val
145 150 155

Leu Trp Gln Pro Met Ala Pro Asn Gln Gly Leu Pro Arg Leu Leu
165 170 175

Arg Gln Gly Ala Trp Glu Asn Pro Tyr Thr Ala Leu Ala Phe Ala
180 185 190

Tyr Ala Arg Leu Cys Phe Gln Glu Leu Gly His His Val Lys Leu
195 200 205

Ile Thr Met Asn Glu Pro Tyr Thr Arg Asn Met Thr Tyr Ser Ala
210 215 220

His Asn Leu Leu Lys Ala His Ala Leu Ala Trp His Val Tyr Asn
225 230 235

Lys Phe Arg His Ala Gln Asn Gly Lys Ile Ser Ile Ala Leu Gln
245 250 255

Asp Trp Ile Glu Pro Ala Cys Pro Phe Ser Gln Lys Asp Lys Glu
260 265 270

Ala Glu Arg Val Leu Glu Phe Asp Ile Gly Trp Leu Ala Glu Pro
275 280 285

Phe Gly Ser Gly Asp Tyr Pro Trp Val Met Arg Asp Trp Leu Asn
290 295 300

Arg Asn Asn Phe Leu Leu Pro Tyr Phe Thr Glu Asp Glu Lys Lys
305 310 315

Ile Gln Gly Thr Phe Asp Phe Leu Ala Leu Ser His Tyr Thr Thr
325 330 335

Leu Val Asp Ser Glu Lys Glu Asp Pro Ile Lys Tyr Asn Asp Tyr
340 345 350

Glu Val Gln Glu Met Thr Asp Ile Thr Trp Leu Asn Ser Pro Ser
355 360 365

Val Ala Val Val Pro Trp Gly Leu Arg Lys Val Leu Asn Trp Leu
370 375 380

Phe Lys Tyr Gly Asp Leu Pro Met Tyr Ile Ile Ser Asn Gly Ile
385 390 395

Ser

Pro

Ala

Gln

Arg

80

Cys

Met

Pro

Arg

Ala

160

Ala

Glu

Trp

Gly

Glu

240

Ala

Val

Ile

Gln

Leu

320

Ile

Leu

Gln

Lys

Asp
400
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-continued

150

Asp

Asn

Leu

Phe

Met

465

Glu

Cys

Ser

Ala

Thr

545

Arg

Arg

Phe

Tyr

625

Arg

Gln

Pro

Asp

Ala

705

Ala

Ala

<210>
<211>
<212>
<213>
<220>
<223>

Gly

Tyr

Cys

Gly

450

Lys

Thr

Ser

Gly

Ser

530

Ala

Val

Ser

Tyr

Asp

610

Asp

Ala

Phe

Ile

Pro

690

Ser

Ser

Gly

Leu

Ile

Gly

435

Leu

His

Leu

Phe

Gly

515

Pro

Thr

Asp

Glu

Leu

595

Pro

Val

Lys

Leu

Pro

675

Leu

Cys

Asp

Gly

His

Asn

420

Tyr

Tyr

Tyr

Glu

Phe

500

Gly

Leu

Ala

Gly

Asp

580

Cys

Glu

Tyr

Arg

Ser

660

Arg

Asn

Ser

Pro

Thr
740

PRT

<400> SEQUENCE:

Ala

405

Glu

Phe

Arg

Arg

Arg

485

His

Gly

Leu

Arg

Ala

565

Ala

Met

Asn

His

Ala

645

Arg

Arg

Val

Gln

Leu

725

Gly

SEQ ID NO 23
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

1215

23

Glu

Ala

Ala

Tyr

Lys

470

Phe

Thr

Ser

Gly

Asn

550

Pro

Gly

Asp

Cys

Ser

630

Phe

Arg

His

Leu

Glu

710

Gly

Pro

Asp

Leu

Tyr

Ala

455

Ile

Cys

Arg

Gly

Ser

535

Ser

His

Phe

Phe

Arg

615

Pro

Leu

Asn

Thr

Lys

695

Leu

Val

Glu

Asp

Lys

Ser

440

Ala

Ile

Pro

Lys

Gly

520

Ser

Tyr

Gln

Val

Arg

600

Phe

Gln

Pro

Glu

Gln

680

Pro

Pro

Val

Gly

Gln

Ala

425

Phe

Asp

Asp

Glu

Ser

505

Gly

Trp

His

Thr

Val

585

Gly

Gln

Tyr

Gly

Ile

665

Ser

Arg

Ser

Arg

Cys
745

Leu

410

His

Asn

Gln

Ser

Glu

490

Leu

Gly

Gly

Leu

Ile

570

Ile

Asn

His

His

Met

650

Pro

Ala

Ala

Ala

Gly

730

Arg

Arg

Ile

Asp

Phe

Asn

475

Phe

Gly

Ser

Gly

Gln

555

Tyr

Thr

Ile

Gln

Phe

635

Asn

Leu

Glu

Arg

Glu

715

Gly

Pro

fusion polypeptide

Val

Leu

Arg

Glu

460

Gly

Thr

Ser

Leu

Leu

540

Ile

Ser

Gly

Phe

Thr

620

Leu

Pro

Ile

Asp

Met

700

Asp

Arg

Phe

Tyr

Asp

Thr

445

Pro

Phe

Val

Gly

Lys

525

Ile

His

Ala

Val

Gly

605

Leu

Val

Pro

His

Asp

685

Thr

Asn

Val

Ala

Tyr

Gly

430

Ala

Lys

Pro

Cys

Gly

510

Tyr

His

Lys

Leu

Met

590

Ser

Glu

Ser

Pro

Phe

670

Ser

Pro

Ser

Asn

Lys
750

Met

415

Ile

Pro

Ala

Gly

Thr

495

Gly

Pro

Leu

Asn

Met

575

Ser

His

Asn

Leu

Tyr

655

Asn

Glu

Ala

Pro

Thr

735

Phe

Gln

Asn

Arg

Ser

Pro

480

Glu

Gly

Asn

Tyr

Gly

560

Ile

Arg

Tyr

Gly

Gly

640

Ser

Thr

Arg

Pro

Met

720

His

Ile

Met Pro Ala Ser Ala Pro Pro Arg Arg Pro Arg Pro Pro Pro Pro Ser

1

5

10

15
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-continued

152

Leu

Ala

Pro

Phe

65

Gln

Pro

Ala

Tyr

Thr

145

Ser

Leu

Asn

Arg

225

Tyr

Ile

Leu

Thr

Pro

305

Asp

Tyr

Thr

Leu

Lys

385

Ile

Trp

Tyr

Ser

Glu

Ala

50

Leu

Gln

Leu

Pro

Asn

130

His

Ala

Glu

Trp

Arg

210

His

Val

Arg

Ala

Gln

290

Arg

Phe

Pro

Glu

Cys

370

Phe

Asp

Phe

Leu

Leu

Pro

35

Pro

Trp

His

Ala

Ser

115

Asn

Tyr

Gly

Arg

Asp

195

Ala

Phe

Val

Gly

His

275

Gly

Arg

Val

Glu

Ser

355

Phe

Arg

Leu

Val

Lys

Leu

20

Gly

Glu

Ala

Gly

Pro

100

Pro

Val

Arg

Val

Leu

180

Leu

Leu

Gly

Ala

Ser

260

Ala

Gly

Met

Leu

Ser

340

Glu

Gly

Gln

Glu

Ser
420

Lys

Leu

Asp

Ala

Val

Lys

85

Pro

Leu

Phe

Phe

Pro

165

Arg

Pro

Ala

Gly

Trp

245

Pro

Lys

Gln

Thr

Gly

325

Met

Lys

Pro

Leu

Phe
405

Gly

Phe

Val

Gly

Ala

Gly

70

Gly

Gly

Gln

Arg

Ser

150

Asn

Glu

Gln

Asp

Gln

230

His

Arg

Val

Val

Asp

310

Trp

Lys

Lys

Thr

Glu
390
Asn

Thr

Ile

Leu

Ala

Gly

55

Ser

Ala

Asp

Pro

Asp

135

Ile

Arg

Leu

Arg

His

215

Val

Gly

Leu

Trp

Ser

295

His

Phe

Asn

Phe

Leu

375

Ser

His

Thr

Met

Leu

Gln

40

Leu

Ala

Ser

Ser

Ala

120

Thr

Ser

Glu

Gly

Leu

200

Phe

Lys

Tyr

Gly

His

280

Ile

Ser

Ala

Asn

Ile

360

Ser

Pro

Pro

Lys

Glu

Gly

Thr

Phe

Ala

Ile

Arg

105

Thr

Glu

Trp

Gly

Val

185

Gln

Arg

Tyr

Ala

Tyr

265

Leu

Ala

Ile

Lys

Leu

345

Lys

Phe

Asn

Gln

Arg
425

Thr

Leu

Trp

Gln

Tyr

Trp

Asn

Gly

Ala

Ala

Leu

170

Gln

Asp

Asp

Trp

Thr

250

Leu

Tyr

Leu

Lys

Pro

330

Ser

Gly

Gln

Leu

Ile
410

Asp

Leu

Gly

Ala

Gly

Gln

75

Asp

Ala

Asp

Leu

Arg

155

Arg

Pro

Ala

Tyr

Ile

235

Gly

Val

Asn

Ser

Glu

315

Val

Ser

Thr

Leu

Arg
395
Phe

Asp

Lys

Gly Arg Arg Leu

Arg

Thr

60

Thr

Thr

Ser

Val

Arg

140

Val

Tyr

Val

Tyr

Ala

220

Thr

Arg

Ala

Thr

Ser

300

Cys

Phe

Ile

Ala

Leu

380

Gln

Ile

Ala

Ala

Phe

45

Phe

Glu

Phe

Leu

Ala

125

Glu

Leu

Tyr

Val

Gly

205

Glu

Ile

Leu

His

Ser

285

His

Gln

Ile

Leu

Asp

365

Asp

Leu

Val

Lys

Ile

30

Ser

Pro

Gly

Thr

Pro

110

Ser

Leu

Pro

Arg

Thr

190

Gly

Leu

Asp

Ala

Asn

270

Phe

Trp

Lys

Asp

Pro

350

Phe

Pro

Leu

Glu

Tyr
430

Lys

Arg

Asp

Gly

His

95

Leu

Asp

Gly

Asn

Arg

175

Leu

Trp

Cys

Asn

Pro

255

Leu

Arg

Ile

Ser

Gly

335

Asp

Phe

His

Ser

Asn
415

Met

Leu

Arg

Pro

Gly

Trp

80

His

Gly

Ser

Val

Gly

160

Leu

Tyr

Ala

Phe

Pro

240

Gly

Leu

Pro

Asn

Leu

320

Asp

Phe

Ala

Met

Trp
400
Gly

Tyr

Asp
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153

-continued

154

Gly

Glu

465

Phe

Tyr

Gln

Lys

545

Pro

Leu

Phe

Phe

Pro

625

Arg

Pro

Ala

Gly

Trp

705

Pro

Lys

Gln

Thr

Gly

785

Met

Lys

Pro

Leu

Val

450

Trp

Leu

Gln

Pro

Gly

530

Gly

Gly

Gln

Arg

Ser

610

Asn

Glu

Gln

Asp

Gln

690

His

Arg

Val

Val

Asp

770

Trp

Lys

Lys

Thr

Glu
850

435

Asp

His

Ser

Lys

Leu

515

Ser

Ala

Asp

Pro

Asp

595

Ile

Arg

Leu

Arg

His

675

Val

Gly

Leu

Trp

Ser

755

His

Phe

Asn

Phe

Leu
835

Ser

Val

Arg

Gln

Leu

500

Glu

Ala

Ser

Ser

Ala

580

Thr

Ser

Glu

Gly

Leu

660

Phe

Lys

Tyr

Gly

His

740

Ile

Ser

Ala

Asn

Ile
820

Ser

Pro

Ile

Gly

Asp

485

Ile

Gly

Ala

Ile

Arg

565

Thr

Glu

Trp

Gly

Val

645

Gln

Arg

Tyr

Ala

Tyr

725

Leu

Ala

Ile

Lys

Leu
805
Lys

Phe

Asn

Gly

Tyr

470

Lys

Glu

Ser

Tyr

Trp

550

Asn

Gly

Ala

Ala

Leu

630

Gln

Asp

Asp

Trp

Thr

710

Leu

Tyr

Leu

Lys

Pro

790

Ser

Gly

Gln

Leu

440 445

Tyr Thr Ala Trp Ser Leu Met Asp Gly
455 460

Ser Ile Arg Arg Gly Leu Phe Tyr Val
475

Met Leu Leu Pro Lys Ser Ser Ala Leu
490 495

Lys Asn Gly Phe Pro Pro Leu Pro Glu
505 510

Gly Thr Phe Pro Asp Gly Phe Leu Trp
520 525

Gln Thr Glu Gly Gly Trp Gln Gln His
535 540

Asp Thr Phe Thr His His Pro Leu Ala
555

Ala Ser Leu Pro Leu Gly Ala Pro Ser
570 575

Asp Val Ala Ser Asp Ser Tyr Asn Asn
585 590

Leu Arg Glu Leu Gly Val Thr His Tyr
600 605

Arg Val Leu Pro Asn Gly Ser Ala Gly
615 620

Arg Tyr Tyr Arg Arg Leu Leu Glu Arg
635

Pro Val Val Thr Leu Tyr His Trp Asp
650 655

Ala Tyr Gly Gly Trp Ala Asn Arg Ala
665 670

Tyr Ala Glu Leu Cys Phe Arg His Phe
680 685

Ile Thr Ile Asp Asn Pro Tyr Val Val
695 700

Gly Arg Leu Ala Pro Gly Ile Arg Gly
715

Val Ala His Asn Leu Leu Leu Ala His
730 735

Asn Thr Ser Phe Arg Pro Thr Gln Gly
745 750

Ser Ser His Trp Ile Asn Pro Arg Arg
760 765

Glu Cys Gln Lys Ser Leu Asp Phe Val
775 780

Val Phe Ile Asp Gly Asp Tyr Pro Glu
795

Ser Ile Leu Pro Asp Phe Thr Glu Ser
810 815

Thr Ala Asp Phe Phe Ala Leu Cys Phe
825 830

Leu Leu Asp Pro His Met Lys Phe Arg
840 845

Arg Gln Leu Leu Ser Trp Ile Asp Leu
855 860

Phe

Asp

480

Phe

Asn

Ala

Gly

Pro

560

Pro

Val

Arg

Val

Leu

640

Leu

Leu

Gly

Ala

Ser

720

Ala

Gly

Met

Leu

Ser

800

Glu

Gly

Gln

Glu
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156

-continued
Phe Asn His Pro Gln Ile Phe Ile Val Glu Asn Gly Trp Phe Val Ser
865 870 875 880
Gly Thr Thr Lys Arg Asp Asp Ala Lys Tyr Met Tyr Tyr Leu Lys Lys
885 890 895
Phe Ile Met Glu Thr Leu Lys Ala Ile Lys Leu Asp Gly Val Asp Val
900 905 910
Ile Gly Tyr Thr Ala Trp Ser Leu Met Asp Gly Phe Glu Trp His Arg
915 920 925
Gly Tyr Ser Ile Arg Arg Gly Leu Phe Tyr Val Asp Phe Leu Ser Gln
930 935 940
Asp Lys Met Leu Leu Pro Lys Ser Ser Ala Leu Phe Tyr Gln Lys Leu
945 950 955 960
Ile Glu Lys Asn Gly Phe Pro Glu Phe Gly Ser Gly Gly Gly Gly Ser
965 970 975
Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Leu Lys Tyr Pro Asn Ala
980 985 990
Ser Pro Leu Leu Gly Ser Ser Trp Gly Gly Leu Ile His Leu Tyr Thr
995 1000 1005
Ala Thr Ala Arg Asn Ser Tyr His Leu Gln Ile His Lys Asn Gly
1010 1015 1020
His Val Asp Gly Ala Pro His Gln Thr Ile Tyr Ser Ala Leu Met
1025 1030 1035
Ile Arg Ser Glu Asp Ala Gly Phe Val Val Ile Thr Gly Val Met
1040 1045 1050
Ser Arg Arg Tyr Leu Cys Met Asp Phe Arg Gly Asn Ile Phe Gly
1055 1060 1065
Ser His Tyr Phe Asp Pro Glu Asn Cys Arg Phe Gln His Gln Thr
1070 1075 1080
Leu Glu Asn Gly Tyr Asp Val Tyr His Ser Pro Gln Tyr His Phe
1085 1090 1095
Leu Val Ser Leu Gly Arg Ala Lys Arg Ala Phe Leu Pro Gly Met
1100 1105 1110
Asn Pro Pro Pro Tyr Ser Gln Phe Leu Ser Arg Arg Asn Glu Ile
1115 1120 1125
Pro Leu Ile His Phe Asn Thr Pro Ile Pro Arg Arg His Thr Gln
1130 1135 1140
Ser Ala Glu Asp Asp Ser Glu Arg Asp Pro Leu Asn Val Leu Lys
1145 1150 1155
Pro Arg Ala Arg Met Thr Pro Ala Pro Ala Ser Cys Ser Gln Glu
1160 1165 1170
Leu Pro Ser Ala Glu Asp Asn Ser Pro Met Ala Ser Asp Pro Leu
1175 1180 1185
Gly Val Val Arg Gly Gly Arg Val Asn Thr His Ala Gly Gly Thr
1190 1195 1200
Gly Pro Glu Gly Cys Arg Pro Phe Ala Lys Phe Ile
1205 1210 1215
<210> SEQ ID NO 24
<211> LENGTH: 1189
<212> TYPE: PRT
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: fusion polypeptide
<400> SEQUENCE: 24
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157

-continued

158

Met

Leu

Leu

Trp

Phe

65

Leu

Leu

Cys

145

Leu

Arg

Tyr

Ile

His

225

Lys

Asp

Ala

Phe

Arg

305

Ile

Leu

Glu

Phe
385

Asp

Pro

Ser

Pro

Gly

50

Thr

Ile

Asp

Val

Gly

130

Met

Trp

Gln

Ala

Thr

210

Asn

Phe

Trp

Glu

Gly

290

Asn

Gln

Val

Val

Ala
370

Lys

Gly

Ala

Leu

Glu

35

Val

Asp

Lys

Phe

Thr

115

Asn

Ala

Gln

Gly

Arg

195

Met

Leu

Arg

Ile

Arg

275

Ser

Asn

Gly

Asp

Gln
355
Val

Tyr

Leu

Ser

Leu

20

Asn

Val

Leu

Val

Ala

100

His

Gln

Ser

Pro

Ala

180

Leu

Asn

Leu

His

Glu

260

Val

Gly

Phe

Thr

Ser

340

Glu

Val

Gly

His

Ala

Leu

Gln

Asp

Asn

Asp

85

Ala

Phe

Ser

Glu

Met

165

Trp

Cys

Glu

Lys

Ala

245

Pro

Leu

Asp

Leu

Phe

325

Glu

Met

Pro

Asp

Ala
405

Pro

Val

Pro

Asn

Val

70

Gly

Ile

Arg

Gln

Leu

150

Ala

Glu

Phe

Pro

Ala

230

Gln

Ala

Glu

Tyr

Leu

310

Asp

Lys

Thr

Trp

Leu
390

Glu

Pro Arg Arg Pro Arg Pro Pro Pro Pro
10 15

Leu Leu Gly Leu Gly Gly Arg Arg Leu
25 30

Leu Glu Gly Thr Phe Pro Cys Asp Phe
40 45

Tyr Ile Gln Val Asp Thr Thr Leu Ser
55 60

Tyr Leu Trp Asp Val His His Ser Lys
75

Val Val Thr Lys Lys Arg Lys Ser Tyr
90 95

Gln Pro Gln Ile Ala Leu Leu Gln Glu
105 110

Phe Ser Leu Asp Trp Ala Leu Ile Leu
120 125

Val Asn His Thr Ile Leu Gln Tyr Tyr
135 140

Val Arg Val Asn Ile Thr Pro Val Val
155

Pro Asn Gln Gly Leu Pro Arg Leu Leu
170 175

Asn Pro Tyr Thr Ala Leu Ala Phe Ala
185 190

Gln Glu Leu Gly His His Val Lys Leu
200 205

Tyr Thr Arg Asn Met Thr Tyr Ser Ala
215 220

His Ala Leu Ala Trp His Val Tyr Asn
235

Asn Gly Lys Ile Ser Ile Ala Leu Gln
250 255

Cys Pro Phe Ser Gln Lys Asp Lys Glu
265 270

Phe Asp Ile Gly Trp Leu Ala Glu Pro
280 285

Pro Trp Val Met Arg Asp Trp Leu Asn
295 300

Pro Tyr Phe Thr Glu Asp Glu Lys Lys
315

Phe Leu Ala Leu Ser His Tyr Thr Thr
330 335

Glu Asp Pro Ile Lys Tyr Asn Asp Tyr
345 350

Asp Ile Thr Trp Leu Asn Ser Pro Ser
360 365

Gly Leu Arg Lys Val Leu Asn Trp Leu
375 380

Pro Met Tyr Ile Ile Ser Asn Gly Ile
395

Asp Asp Gln Leu Arg Val Tyr Tyr Met
410 415

Ser

Pro

Ala

Gln

Arg

Cys

Met

Pro

Arg

Ala

160

Ala

Glu

Trp

Gly

Glu

240

Ala

Val

Ile

Gln

Leu

320

Ile

Leu

Gln

Lys

Asp

400

Gln
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-continued

160

Asn

Leu

Phe

Met

465

Glu

Cys

Phe

Ser

Lys

545

Tyr

Glu

Leu

Tyr

625

Leu

Ala

Leu

Ala

Asn

705

Gln

Glu

Pro

Asn

Lys

785

Thr

Tyr

Ser

Tyr

Cys

Gly

450

Lys

Thr

Ser

Ala

Gln

530

Arg

Cys

Met

Pro

Arg

610

Ala

Ala

Glu

Trp

Gly

690

Glu

Ala

Val

Ile

Gln

770

Leu

Ile

Leu

Gln

Ile

Gly

435

Leu

His

Leu

Phe

Trp

515

Phe

Leu

Val

His

Leu

595

Cys

Leu

Arg

Tyr

Ile

675

His

Lys

Asp

Ala

Phe

755

Arg

Ile

Leu

Glu

Val

Asn

420

Tyr

Tyr

Tyr

Glu

Phe

500

Gly

Thr

Ile

Asp

Val

580

Gly

Met

Trp

Gln

Ala

660

Thr

Asn

Phe

Trp

Glu

740

Gly

Asn

Gln

Val

Val
820

Ala

Glu

Phe

Arg

Arg

Arg

485

His

Val

Asp

Lys

Phe

565

Thr

Asn

Ala

Gln

Gly

645

Arg

Met

Leu

Arg

Ile

725

Arg

Ser

Asn

Gly

Asp

805

Gln

Val

Ala

Ala

Tyr

Lys

470

Phe

Thr

Val

Leu

Val

550

Ala

His

Gln

Ser

Pro

630

Ala

Leu

Asn

Leu

His

710

Glu

Val

Gly

Phe

Thr
790
Ser

Glu

Val

Leu

Tyr

Ala

455

Ile

Cys

Arg

Asp

Asn

535

Asp

Ala

Phe

Ser

Glu

615

Met

Trp

Cys

Glu

Lys

695

Ala

Pro

Leu

Asp

Leu

775

Phe

Glu

Met

Pro

Lys

Ser

440

Ala

Ile

Pro

Lys

Asn

520

Val

Gly

Ile

Arg

Gln

600

Leu

Ala

Glu

Phe

Pro

680

Ala

Gln

Ala

Glu

Tyr

760

Leu

Asp

Lys

Thr

Trp

Ala

425

Phe

Asp

Asp

Glu

Ser

505

Tyr

Tyr

Val

Gln

Phe

585

Val

Val

Pro

Asn

Gln

665

Tyr

His

Asn

Cys

Phe

745

Pro

Pro

Phe

Glu

Asp
825

Gly

His

Asn

Gln

Ser

Glu

490

Leu

Ile

Leu

Val

Pro

570

Ser

Asn

Arg

Asn

Pro

650

Glu

Thr

Ala

Gly

Pro

730

Asp

Trp

Tyr

Leu

Asp
810

Ile

Leu

Ile

Asp

Phe

Asn

475

Phe

Gly

Gln

Trp

Thr

555

Gln

Leu

His

Val

Gln

635

Tyr

Leu

Arg

Leu

Lys

715

Phe

Ile

Val

Phe

Ala
795
Pro

Thr

Arg

Leu Asp Gly

Arg

Glu

460

Gly

Thr

Thr

Val

Asp

540

Lys

Ile

Asp

Thr

Asn

620

Gly

Thr

Gly

Asn

Ala

700

Ile

Ser

Gly

Met

Thr

780

Leu

Ile

Trp

Lys

Thr

445

Pro

Phe

Val

Phe

Asp

525

Val

Lys

Ala

Trp

Ile

605

Ile

Leu

Ala

His

Met

685

Trp

Ser

Gln

Trp

Arg

765

Glu

Ser

Lys

Leu

Val

430

Ala

Lys

Pro

Cys

Pro

510

Thr

His

Arg

Leu

Ala

590

Leu

Thr

Pro

Leu

His

670

Thr

His

Ile

Lys

Leu

750

Asp

Asp

His

Tyr

Asn
830

Leu

Ile

Pro

Ala

Gly

Thr

495

Cys

Thr

His

Lys

Leu

575

Leu

Gln

Pro

Arg

Ala

655

Val

Tyr

Val

Ala

Asp

735

Ala

Trp

Glu

Tyr

Asn
815

Ser

Asn

Asn

Arg

Ser

Pro

480

Glu

Asp

Leu

Ser

Ser

560

Gln

Ile

Tyr

Val

Leu

640

Phe

Lys

Ser

Tyr

Leu

720

Lys

Glu

Leu

Lys

Thr

800

Asp

Pro

Trp
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162

-continued
835 840 845
Leu Lys Phe Lys Tyr Gly Asp Leu Pro Met Tyr Ile Ile Ser Asn Gly
850 855 860
Ile Asp Asp Gly Leu His Ala Glu Asp Asp Gln Leu Arg Val Tyr Tyr
865 870 875 880
Met Gln Asn Tyr Ile Asn Glu Ala Leu Lys Ala His Ile Leu Asp Gly
885 890 895
Ile Asn Leu Cys Gly Tyr Phe Ala Tyr Ser Phe Asn Asp Arg Thr Ala
900 905 910
Pro Arg Phe Gly Leu Tyr Arg Tyr Ala Ala Asp Gln Phe Glu Pro Lys
915 920 925
Ala Ser Met Lys His Tyr Arg Lys Ile Ile Asp Ser Asn Gly Phe Gly
930 935 940
Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
945 950 955 960
Leu Lys Tyr Pro Asn Ala Ser Pro Leu Leu Gly Ser Ser Trp Gly Gly
965 970 975
Leu Ile His Leu Tyr Thr Ala Thr Ala Arg Asn Ser Tyr His Leu Gln
980 985 990
Ile His Lys Asn Gly His Val Asp Gly Ala Pro His Gln Thr Ile Tyr
995 1000 1005
Ser Ala Leu Met Ile Arg Ser Glu Asp Ala Gly Phe Val Val Ile
1010 1015 1020
Thr Gly Val Met Ser Arg Arg Tyr Leu Cys Met Asp Phe Arg Gly
1025 1030 1035
Asn Ile Phe Gly Ser His Tyr Phe Asp Pro Glu Asn Cys Arg Phe
1040 1045 1050
Gln His Gln Thr Leu Glu Asn Gly Tyr Asp Val Tyr His Ser Pro
1055 1060 1065
Gln Tyr His Phe Leu Val Ser Leu Gly Arg Ala Lys Arg Ala Phe
1070 1075 1080
Leu Pro Gly Met Asn Pro Pro Pro Tyr Ser Gln Phe Leu Ser Arg
1085 1090 1095
Arg Asn Glu Ile Pro Leu Ile His Phe Asn Thr Pro Ile Pro Arg
1100 1105 1110
Arg His Thr Gln Ser Ala Glu Asp Asp Ser Glu Arg Asp Pro Leu
1115 1120 1125
Asn Val Leu Lys Pro Arg Ala Arg Met Thr Pro Ala Pro Ala Ser
1130 1135 1140
Cys Ser Gln Glu Leu Pro Ser Ala Glu Asp Asn Ser Pro Met Ala
1145 1150 1155
Ser Asp Pro Leu Gly Val Val Arg Gly Gly Arg Val Asn Thr His
1160 1165 1170
Ala Gly Gly Thr Gly Pro Glu Gly Cys Arg Pro Phe Ala Lys Phe
1175 1180 1185
Ile
<210> SEQ ID NO 25
<211> LENGTH: 1219
<212> TYPE: PRT
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: fusion polypeptide
<400> SEQUENCE: 25
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163

-continued

164

Met

Cys

Gly

Asn

Pro

65

Gly

Asp

Cys

Ser

Phe

145

Arg

Leu

Glu

Gly

225

Pro

Gly

Gly

Glu

Ala

305

Gly

Pro

Pro

Arg
385

Leu

Ser

Ser

Ser

50

His

Phe

Phe

Arg

Pro

130

Leu

Asn

Thr

Lys

Leu

210

Val

Glu

Ser

Asp

Ala

290

Val

Lys

Pro

Leu

Phe
370

Phe

Pro

Gly

Met

Ser

35

Tyr

Gln

Val

Arg

Phe

115

Gln

Pro

Glu

Gln

Pro

195

Pro

Val

Gly

Gly

Gly

275

Ala

Gly

Gly

Gly

Gln
355
Arg

Ser

Asn

Ala

Ser

20

Trp

His

Thr

Val

Gly

100

Gln

Tyr

Gly

Ile

Ser

180

Arg

Ser

Arg

Cys

Gly

260

Ala

Gly

Ser

Ala

Asp

340

Pro

Asp

Ile

Arg

Arg

Val

Gly

Leu

Ile

Ile

85

Asn

His

His

Met

Pro

165

Ala

Ala

Ala

Gly

Arg

245

Gly

Gln

Leu

Ala

Ser

325

Ser

Ala

Thr

Ser

Glu
405

Leu

Leu

Gly

Gln

Tyr

70

Thr

Ile

Gln

Phe

Asn

150

Leu

Glu

Arg

Glu

Gly

230

Pro

Gly

Thr

Phe

Ala

310

Ile

Arg

Thr

Glu

Trp
390

Gly

Arg Leu Trp Val Cys Ala Leu Cys Ser
Arg Ala Tyr Pro Asn Ala Ser Pro Leu
25 30

Leu Ile His Leu Tyr Thr Ala Thr Ala
40 45

Ile His Lys Asn Gly His Val Asp Gly
55 60

Ser Ala Leu Met Ile Arg Ser Glu Asp
Gly Val Met Ser Arg Arg Tyr Leu Cys
90 95

Phe Gly Ser His Tyr Phe Asp Pro Glu
105 110

Thr Leu Glu Asn Gly Tyr Asp Val Tyr
120 125

Leu Val Ser Leu Gly Arg Ala Lys Arg
135 140

Pro Pro Pro Tyr Ser Gln Phe Leu Ser
155

Ile His Phe Asn Thr Pro Ile Pro Arg
170 175

Asp Asp Ser Glu Arg Asp Pro Leu Asn
185 190

Met Thr Pro Ala Pro Ala Ser Cys Ser
200 205

Asp Asn Ser Pro Met Ala Ser Asp Pro
215 220

Arg Val Asn Thr His Ala Gly Gly Thr
235

Phe Ala Lys Phe Ile Gly Ser Gly Gly
250 255

Ser Gly Gly Gly Gly Ser Leu Lys Glu
265 270

Trp Ala Arg Phe Ser Arg Pro Pro Ala
280 285

Gln Gly Thr Phe Pro Asp Gly Phe Leu
295 300

Tyr Gln Thr Glu Gly Gly Trp Gln Gln
315

Trp Asp Thr Phe Thr His His Pro Leu
330 335

Asn Ala Ser Leu Pro Leu Gly Ala Pro
345 350

Gly Asp Val Ala Ser Asp Ser Tyr Asn
360 365

Ala Leu Arg Glu Leu Gly Val Thr His
375 380

Ala Arg Val Leu Pro Asn Gly Ser Ala
395

Leu Arg Tyr Tyr Arg Arg Leu Leu Glu
410 415

Val

Leu

Arg

Ala

Ala

Met

Asn

His

Ala

Arg

160

Arg

Val

Gln

Leu

Gly

240

Gly

Pro

Pro

Trp

His

320

Ala

Ser

Asn

Tyr

Gly

400

Arg
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-continued

166

Leu

Leu

Leu

Gly

465

Ala

Ser

Ala

Gly

Met

545

Leu

Ser

Glu

Gly

Gln

625

Glu

Ser

Lys

Arg

705

Gln

Leu

Glu

Ile

Leu

785

Pro

Ser

Arg

Pro

Ala

450

Gly

Trp

Pro

Lys

Gln

530

Thr

Gly

Met

Lys

Pro

610

Leu

Phe

Gly

Phe

Ile

690

Gly

Asp

Ile

Gly

Gln

770

Trp

Thr

Gln

Leu

Glu

Gln

435

Asp

Gln

His

Arg

Val

515

Val

Asp

Trp

Lys

Lys

595

Thr

Glu

Asn

Thr

Ile

675

Gly

Tyr

Lys

Glu

Thr

755

Val

Asp

Lys

Ile

Asp

Leu

420

Arg

His

Val

Gly

Leu

500

Trp

Ser

His

Phe

Asn

580

Phe

Leu

Ser

His

Thr

660

Met

Tyr

Ser

Met

Lys

740

Phe

Asp

Val

Lys

Ala
820

Trp

Gly

Leu

Phe

Lys

Tyr

485

Gly

His

Ile

Ser

Ala

565

Asn

Ile

Ser

Pro

Pro

645

Lys

Glu

Thr

Ile

Leu

725

Asn

Pro

Thr

His

Arg

805

Leu

Ala

Val

Gln

Arg

Tyr

470

Ala

Tyr

Leu

Ala

Ile

550

Lys

Leu

Lys

Phe

Asn

630

Gln

Arg

Thr

Ala

Arg

710

Leu

Gly

Cys

Thr

His
790
Lys

Leu

Leu

Gln

Asp

Asp

455

Trp

Thr

Leu

Tyr

Leu

535

Lys

Pro

Ser

Gly

Gln

615

Leu

Ile

Asp

Leu

Trp

695

Arg

Pro

Phe

Asp

Leu

775

Ser

Ser

Gln

Ile

Pro

Ala

440

Tyr

Ile

Gly

Val

Asn

520

Ser

Glu

Val

Ser

Thr

600

Leu

Arg

Phe

Asp

Lys

680

Ser

Gly

Lys

Pro

Phe

760

Ser

Lys

Tyr

Glu

Leu

Val

425

Tyr

Ala

Thr

Arg

Ala

505

Thr

Ser

Cys

Phe

Ile

585

Ala

Leu

Gln

Ile

Ala

665

Ala

Leu

Leu

Ser

Pro

745

Ala

Gln

Arg

Cys

Met
825

Pro

Val

Gly

Glu

Ile

Leu

490

His

Ser

His

Gln

Ile

570

Leu

Asp

Asp

Leu

Val

650

Lys

Ile

Met

Phe

Ser

730

Leu

Trp

Phe

Leu

Val
810

His

Leu

Thr

Gly

Leu

Asp

475

Ala

Asn

Phe

Trp

Lys

555

Asp

Pro

Phe

Pro

Leu

635

Glu

Tyr

Lys

Asp

Tyr

715

Ala

Pro

Gly

Thr

Ile
795
Asp

Val

Gly

Leu

Trp

Cys

460

Asn

Pro

Leu

Arg

Ile

540

Ser

Gly

Asp

Phe

His

620

Ser

Asn

Met

Leu

Gly

700

Val

Leu

Glu

Val

Asp

780

Lys

Phe

Thr

Asn

Tyr

Ala

445

Phe

Pro

Gly

Leu

Pro

525

Asn

Leu

Asp

Phe

Ala

605

Met

Trp

Gly

Tyr

Asp

685

Phe

Asp

Phe

Asn

Val

765

Leu

Val

Ala

His

Gln

His

430

Asn

Arg

Tyr

Ile

Leu

510

Thr

Pro

Asp

Tyr

Thr

590

Leu

Lys

Ile

Trp

Tyr

670

Gly

Glu

Phe

Tyr

Gln

750

Asp

Asn

Asp

Ala

Phe
830

Ser

Trp

Arg

His

Val

Arg

495

Ala

Gln

Arg

Phe

Pro

575

Glu

Cys

Phe

Asp

Phe

655

Leu

Val

Trp

Leu

Gln

735

Pro

Asn

Val

Gly

Ile
815

Arg

Gln

Asp

Ala

Phe

Val

480

Gly

His

Gly

Arg

Val

560

Glu

Ser

Phe

Arg

Leu

640

Val

Lys

Asp

His

Ser

720

Lys

Leu

Tyr

Tyr

Val
800
Gln

Phe

Val
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168

-continued
835 840 845
Asn His Thr Ile Leu Gln Tyr Tyr Arg Cys Met Ala Ser Glu Leu Val
850 855 860
Arg Val Asn Ile Thr Pro Val Val Ala Leu Trp Gln Pro Met Ala Pro
865 870 875 880
Asn Gln Gly Leu Pro Arg Leu Leu Ala Arg Gln Gly Ala Trp Glu Asn
885 890 895
Pro Tyr Thr Ala Leu Ala Phe Ala Glu Tyr Ala Arg Leu Cys Phe Gln
900 905 910
Glu Leu Gly His His Val Lys Leu Trp Ile Thr Met Asn Glu Pro Tyr
915 920 925
Thr Arg Asn Met Thr Tyr Ser Ala Gly His Asn Leu Leu Lys Ala His
930 935 940
Ala Leu Ala Trp His Val Tyr Asn Glu Lys Phe Arg His Ala Gln Asn
945 950 955 960
Gly Lys Ile Ser Ile Ala Leu Gln Ala Asp Trp Ile Glu Pro Ala Cys
965 970 975
Pro Phe Ser Gln Lys Asp Lys Glu Val Ala Glu Arg Val Leu Glu Phe
980 985 990
Asp Ile Gly Trp Leu Ala Glu Pro Ile Phe Gly Ser Gly Asp Tyr Pro
995 1000 1005
Trp Val Met Arg Asp Trp Leu Asn Gln Arg Asn Asn Phe Leu Leu
1010 1015 1020
Pro Tyr Phe Thr Glu Asp Glu Lys Lys Leu Ile Gln Gly Thr Phe
1025 1030 1035
Asp Phe Leu Ala Leu Ser His Tyr Thr Thr Ile Leu Val Asp Ser
1040 1045 1050
Glu Lys Glu Asp Pro Ile Lys Tyr Asn Asp Tyr Leu Glu Val Gln
1055 1060 1065
Glu Met Thr Asp Ile Thr Trp Leu Asn Ser Pro Ser Gln Val Ala
1070 1075 1080
Val Val Pro Trp Gly Leu Arg Lys Val Leu Asn Trp Leu Lys Phe
1085 1090 1095
Lys Tyr Gly Asp Leu Pro Met Tyr Ile Ile Ser Asn Gly Ile Asp
1100 1105 1110
Asp Gly Leu His Ala Glu Asp Asp Gln Leu Arg Val Tyr Tyr Met
1115 1120 1125
Gln Asn Tyr Ile Asn Glu Ala Leu Lys Ala His Ile Leu Asp Gly
1130 1135 1140
Ile Asn Leu Cys Gly Tyr Phe Ala Tyr Ser Phe Asn Asp Arg Thr
1145 1150 1155
Ala Pro Arg Phe Gly Leu Tyr Arg Tyr Ala Ala Asp Gln Phe Glu
1160 1165 1170
Pro Lys Ala Ser Met Lys His Tyr Arg Lys Ile Ile Asp Ser Asn
1175 1180 1185
Gly Phe Pro Gly Pro Glu Thr Leu Glu Arg Phe Cys Pro Glu Glu
1190 1195 1200
Phe Thr Val Cys Thr Glu Cys Ser Phe Phe His Thr Arg Lys Ser
1205 1210 1215
Leu

<210> SEQ ID

<211> LENGTH:

NO 2
700

6
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169 170

-continued

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: fusion polypeptide

<400> SEQUENCE: 26

Met Leu Gly Ala Arg Leu Arg Leu Trp Val Cys Ala Leu Cys Ser Val
1 5 10 15

Cys Ser Met Ser Val Leu Arg Ala Tyr Pro Asn Ala Ser Pro Leu Leu
20 25 30

Gly Ser Ser Trp Gly Gly Leu Ile His Leu Tyr Thr Ala Thr Ala Arg
35 40 45

Asn Ser Tyr His Leu Gln Ile His Lys Asn Gly His Val Asp Gly Ala
50 55 60

Pro His Gln Thr Ile Tyr Ser Ala Leu Met Ile Arg Ser Glu Asp Ala
65 70 75 80

Gly Phe Val Val Ile Thr Gly Val Met Ser Arg Arg Tyr Leu Cys Met
85 90 95

Asp Phe Arg Gly Asn Ile Phe Gly Ser His Tyr Phe Asp Pro Glu Asn
100 105 110

Cys Arg Phe Gln His Gln Thr Leu Glu Asn Gly Tyr Asp Val Tyr His
115 120 125

Ser Pro Gln Tyr His Phe Leu Val Ser Leu Gly Arg Ala Lys Arg Ala
130 135 140

Phe Leu Pro Gly Met Asn Pro Pro Pro Tyr Ser Gln Phe Leu Ser Arg
145 150 155 160

Arg Asn Glu Ile Pro Leu Ile His Phe Asn Thr Pro Ile Pro Arg Arg
165 170 175

His Thr Gln Ser Ala Glu Asp Asp Ser Glu Arg Asp Pro Leu Asn Val
180 185 190

Leu Lys Pro Arg Ala Arg Met Thr Pro Ala Pro Ala Ser Cys Ser Gln
195 200 205

Glu Leu Pro Ser Ala Glu Asp Asn Ser Pro Met Ala Ser Asp Pro Leu
210 215 220

Gly Val Val Arg Gly Gly Arg Val Asn Thr His Ala Gly Gly Thr Gly
225 230 235 240

Pro Glu Gly Cys Arg Pro Phe Ala Lys Phe Ile Gln Gly Thr Phe Pro
245 250 255

Asp Gly Phe Leu Trp Ala Val Gly Ser Ala Ala Tyr Gln Thr Glu Gly
260 265 270

Gly Trp Gln Gln His Gly Lys Gly Ala Ser Ile Trp Asp Thr Phe Thr
275 280 285

His His Pro Leu Ala Pro Pro Gly Asp Ser Arg Asn Ala Ser Leu Pro
290 295 300

Leu Gly Ala Pro Ser Pro Leu Gln Pro Ala Thr Gly Asp Val Ala Ser
305 310 315 320

Asp Ser Tyr Asn Asn Val Phe Arg Asp Thr Glu Ala Leu Arg Glu Leu
325 330 335

Gly Val Thr His Tyr Arg Phe Ser Ile Ser Trp Ala Arg Val Leu Pro
340 345 350

Asn Gly Ser Ala Gly Val Pro Asn Arg Glu Gly Leu Arg Tyr Tyr Arg
355 360 365

Arg Leu Leu Glu Arg Leu Arg Glu Leu Gly Val Gln Pro Val Val Thr
370 375 380
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-continued

172

Leu Tyr His Trp Asp Leu Pro Gln

385

390

Trp Ala Asn Arg Ala Leu Ala Asp

405

Cys Phe Arg His Phe Gly Gly Gln

420

Asn Pro Tyr Val Val Ala Trp His

435 440

Pro Gly Ile Arg Gly Ser Pro Arg
450 455

Leu Leu Leu Ala His Ala Lys Val

465

470

Arg Pro Thr Gln Gly Gly Gln Val

485

Ile Asn Pro Arg Arg Met Thr Asp

500

Ser Leu Asp Phe Val Leu Gly Trp

515 520

Gly Asp Tyr Pro Glu Ser Met Lys
530 535

Asp Phe Thr Glu Ser Glu Lys Lys

545

550

Phe Ala Leu Cys Phe Gly Pro Thr

565

His Met Lys Phe Arg Gln Leu Glu

580

Ser Trp Ile Asp Leu Glu Phe Asn

595 600

Asn Gly Trp Phe Val Ser Gly Thr
610 615

Met Tyr Tyr Leu Lys Lys Phe Ile

625

630

Leu Asp Gly Val Asp Val Ile Gly

645

Gly Phe Glu Trp His Arg Gly Tyr

660

Val Asp Phe Leu Ser Gln Asp Lys

675 680

Leu Phe Tyr Gln Lys Leu Ile Glu
690 695

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 27

LENGTH: 688

TYPE: PRT

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: fusion

SEQUENCE: 27

Met Leu Gly Ala Arg Leu Arg Leu

1

5

Cys Ser Met Ser Val Leu Arg Ala

20

Gly Ser Ser Trp Gly Gly Leu Ile

35 40

Arg

His

Val

425

Gly

Leu

Trp

Ser

His

505

Phe

Asn

Phe

Leu

Ser

585

His

Thr

Met

Tyr

Ser

665

Met

Lys

Leu

Phe

410

Lys

Tyr

Gly

His

Ile

490

Ser

Ala

Asn

Ile

Ser

570

Pro

Pro

Lys

Glu

Thr

650

Ile

Leu

Asn

Gln

395

Arg

Tyr

Ala

Tyr

Leu

475

Ala

Ile

Lys

Leu

Lys

555

Phe

Asn

Gln

Arg

Thr

635

Ala

Arg

Leu

Gly

polypeptide

Trp Val Cys

10

Tyr Pro Asn

25

His Leu Tyr

Asp Ala Tyr Gly Gly
400

Asp Tyr Ala Glu Leu
415

Trp Ile Thr Ile Asp
430

Thr Gly Arg Leu Ala
445

Leu Val Ala His Asn
460

Tyr Asn Thr Ser Phe
480

Leu Ser Ser His Trp
495

Lys Glu Cys Gln Lys
510

Pro Val Phe Ile Asp
525

Ser Ser Ile Leu Pro
540

Gly Thr Ala Asp Phe
560

Gln Leu Leu Asp Pro
575

Leu Arg Gln Leu Leu
590

Ile Phe Ile Val Glu
605

Asp Asp Ala Lys Tyr
620

Leu Lys Ala Ile Lys
640

Trp Ser Leu Met Asp
655

Arg Gly Leu Phe Tyr
670

Pro Lys Ser Ser Ala
685

Phe
700

Ala Leu Cys Ser Val
15

Ala Ser Pro Leu Leu
30

Thr Ala Thr Ala Arg
45



173

US 9,475,857 B2

-continued

174

Asn

Pro

65

Gly

Asp

Cys

Ser

Phe

145

Arg

Leu

Glu

Gly

225

Pro

Asp

Leu

Ser

Ser

305

Gln

Ile

Tyr

Leu

385

Phe

Lys

Ser

Tyr

Leu

Ser

50

His

Phe

Phe

Arg

Pro

130

Leu

Asn

Thr

Lys

Leu

210

Val

Glu

Phe

Ser

Lys

290

Tyr

Glu

Leu

Tyr

Val

370

Leu

Ala

Leu

Ala

Asn
450

Gln

Tyr

Gln

Val

Arg

Phe

115

Gln

Pro

Glu

Gln

Pro

195

Pro

Val

Gly

Ala

Gln

275

Arg

Cys

Met

Pro

Arg

355

Ala

Ala

Glu

Trp

Gly

435

Glu

Ala

His

Thr

Val

Gly

100

Gln

Tyr

Gly

Ile

Ser

180

Arg

Ser

Arg

Cys

Trp

260

Phe

Leu

Val

His

Leu

340

Cys

Leu

Arg

Tyr

Ile
420
His

Lys

Asp

Leu

Ile

Ile

85

Asn

His

His

Met

Pro

165

Ala

Ala

Ala

Gly

Arg

245

Gly

Thr

Ile

Asp

Val

325

Gly

Met

Trp

Gln

Ala

405

Thr

Asn

Phe

Trp

Gln

Tyr

70

Thr

Ile

Gln

Phe

Asn

150

Leu

Glu

Arg

Glu

Gly

230

Pro

Val

Asp

Lys

Phe

310

Thr

Asn

Ala

Gln

Gly

390

Arg

Met

Leu

Arg

Ile

Ile

Ser

Gly

Phe

Thr

Leu

135

Pro

Ile

Asp

Met

Asp

215

Arg

Phe

Val

Leu

Val

295

Ala

His

Gln

Ser

Pro

375

Ala

Leu

Asn

Leu

His
455

Glu

His

Ala

Val

Gly

Leu

120

Val

Pro

His

Asp

Thr

200

Asn

Val

Ala

Asp

Asn

280

Asp

Ala

Phe

Ser

Glu

360

Met

Trp

Cys

Glu

Lys
440

Ala

Pro

Lys

Leu

Met

Ser

105

Glu

Ser

Pro

Phe

Ser

185

Pro

Ser

Asn

Lys

Asn

265

Val

Gly

Ile

Arg

Gln

345

Leu

Ala

Glu

Phe

Pro
425
Ala

Gln

Ala

Asn

Met

Ser

90

His

Asn

Leu

Tyr

Asn

170

Glu

Ala

Pro

Thr

Phe

250

Tyr

Tyr

Val

Gln

Phe

330

Val

Val

Pro

Asn

Gln

410

Tyr

His

Asn

Cys

Gly

Ile

75

Arg

Tyr

Gly

Gly

Ser

155

Thr

Arg

Pro

Met

His

235

Ile

Ile

Leu

Val

Pro

315

Ser

Asn

Arg

Asn

Pro

395

Glu

Thr

Ala

Gly

Pro

His

60

Arg

Arg

Phe

Tyr

Arg

140

Gln

Pro

Asp

Ala

Ala

220

Ala

Gly

Gln

Trp

Thr

300

Gln

Leu

His

Val

Gln

380

Tyr

Leu

Arg

Leu

Lys
460

Phe

Val Asp Gly

Ser

Tyr

Asp

Asp

125

Ala

Phe

Ile

Pro

Ser

205

Ser

Gly

Thr

Val

Asp

285

Lys

Ile

Asp

Thr

Asn

365

Gly

Thr

Gly

Asn

Ala
445

Ile

Ser

Glu

Leu

Pro

110

Val

Lys

Leu

Pro

Leu

190

Cys

Asp

Gly

Phe

Asp

270

Val

Lys

Ala

Trp

Ile

350

Ile

Leu

Ala

His

Met
430
Trp

Ser

Gln

Asp

Cys

95

Glu

Tyr

Arg

Ser

Arg

175

Asn

Ser

Pro

Thr

Pro

255

Thr

His

Arg

Leu

Ala

335

Leu

Thr

Pro

Leu

His

415

Thr

His

Ile

Lys

Ala

Ala

80

Met

Asn

His

Ala

Arg

160

Arg

Val

Gln

Leu

Gly

240

Cys

Thr

His

Lys

Leu

320

Leu

Gln

Pro

Arg

Ala

400

Val

Tyr

Val

Ala

Asp
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-continued

176

465

Lys

Glu

Leu

Lys

Thr

545

Asp

Pro

Trp

Gly

Tyr

625

Gly

Ala

Lys

<210>
<211>
<212>
<213>
<220>
<223>

Glu

Pro

Asn

Lys

530

Thr

Tyr

Ser

Leu

Ile

610

Met

Ile

Pro

Ala

Val

Ile

Gln

515

Leu

Ile

Leu

Gln

Lys

595

Asp

Gln

Asn

Arg

Ser
675

Ala

Phe

500

Arg

Ile

Leu

Glu

Val

580

Phe

Asp

Asn

Leu

Phe

660

Met

PRT

<400> SEQUENCE:

Met

1

Cys

Gly

Asn

Pro

65

Gly

Asp

Cys

Ser

Phe

Leu

Ser

Ser

Ser

50

His

Phe

Phe

Arg

Pro
130

Leu

Gly

Met

Ser

35

Tyr

Gln

Val

Arg

Phe

115

Gln

Pro

Ala

Ser

20

Trp

His

Thr

Val

Gly
100
Gln

Tyr

Gly

Glu

485

Gly

Asn

Gln

Val

Val

565

Ala

Lys

Gly

Tyr

Cys

645

Gly

Lys

SEQ ID NO 28
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

1149

28

Arg

Val

Gly

Leu

Ile

Ile

85

Asn

His

His

Met

470

Arg

Ser

Asn

Gly

Asp

550

Gln

Val

Tyr

Leu

Ile

630

Gly

Leu

His

Leu

Leu

Gly

Gln

Tyr

70

Thr

Ile

Gln

Phe

Asn

Val

Gly

Phe

Thr

535

Ser

Glu

Val

Gly

His

615

Asn

Tyr

Tyr

Tyr

Leu

Asp

Leu

520

Phe

Glu

Met

Pro

Asp

600

Ala

Glu

Phe

Arg

Arg
680

fusion

Arg

Arg

Leu

Ile

55

Ser

Gly

Phe

Thr

Leu
135

Pro

Leu

Ala

Ile

His

Ala

Val

Gly

Leu

120

Val

Pro

Glu

Tyr

505

Leu

Asp

Lys

Thr

Trp

585

Leu

Glu

Ala

Ala

Tyr

665

Lys

Phe

490

Pro

Pro

Phe

Glu

Asp

570

Gly

Pro

Asp

Leu

Tyr

650

Ala

Ile

475

Asp

Trp

Tyr

Leu

Asp

555

Ile

Leu

Met

Asp

Lys

635

Ser

Ala

Ile

polypeptide

Trp

Tyr

25

His

Lys

Leu

Met

Ser

105

Glu

Ser

Pro

Val

10

Pro

Leu

Asn

Met

Ser

90

His

Asn

Leu

Tyr

Cys

Asn

Tyr

Gly

Ile

75

Arg

Tyr

Gly

Gly

Ser

Ile

Val

Phe

Ala

540

Pro

Thr

Arg

Tyr

Gln

620

Ala

Phe

Asp

Asp

Ala

Ala

Thr

His

60

Arg

Arg

Phe

Tyr

Arg

140

Gln

Gly

Met

Thr

525

Leu

Ile

Trp

Lys

Ile

605

Leu

His

Asn

Gln

Ser
685

Leu

Ser

Ala

45

Val

Ser

Tyr

Asp

Asp

125

Ala

Phe

Trp

Arg

510

Glu

Ser

Lys

Leu

Val

590

Ile

Arg

Ile

Asp

Phe

670

Asn

Cys

Pro

30

Thr

Asp

Glu

Leu

Pro

110

Val

Lys

Leu

Leu

495

Asp

Asp

His

Tyr

Asn

575

Leu

Ser

Val

Leu

Arg

655

Glu

Gly

Ser

15

Leu

Ala

Gly

Asp

Cys

95

Glu

Tyr

Arg

Ser

480

Ala

Trp

Glu

Tyr

Asn

560

Ser

Asn

Asn

Tyr

Asp

640

Thr

Pro

Phe

Val

Leu

Arg

Ala

Ala

80

Met

Asn

His

Ala

Arg
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-continued

178

145

Arg

Leu

Glu

Gly

225

Pro

Asp

Gly

Leu

305

Asp

Gly

Asn

Arg

Leu

385

Trp

Cys

Asn

Pro

Leu

465

Arg

Ile

Ser

Gly

Asp

545

Phe

Asn

Thr

Lys

Leu

210

Val

Glu

Gly

Trp

His

290

Gly

Ser

Val

Gly

Leu

370

Tyr

Ala

Phe

Pro

Gly

450

Leu

Pro

Asn

Leu

Asp
530

Phe

Ala

Glu

Gln

Pro

195

Pro

Val

Gly

Phe

Gln

275

Pro

Ala

Tyr

Thr

Ser

355

Leu

His

Asn

Arg

Tyr

435

Ile

Leu

Thr

Pro

Asp
515
Tyr

Thr

Leu

Ile

Ser

180

Arg

Ser

Arg

Cys

Leu

260

Gln

Leu

Pro

Asn

His

340

Ala

Glu

Trp

Arg

His

420

Val

Arg

Ala

Gln

Arg

500

Phe

Pro

Glu

Cys

Pro

165

Ala

Ala

Ala

Gly

Arg

245

Trp

His

Ala

Ser

Asn

325

Tyr

Gly

Arg

Asp

Ala

405

Phe

Val

Gly

His

Gly

485

Arg

Val

Glu

Ser

Phe
565

150

Leu

Glu

Arg

Glu

Gly

230

Pro

Ala

Gly

Pro

Pro

310

Val

Arg

Val

Leu

Leu

390

Leu

Gly

Ala

Ser

Ala

470

Gly

Met

Leu

Ser

Glu
550

Gly

Ile

Asp

Met

Asp

215

Arg

Phe

Val

Lys

Pro

295

Leu

Phe

Phe

Pro

Arg

375

Pro

Ala

Gly

Trp

Pro

455

Lys

Gln

Thr

Gly

Met
535

Lys

Pro

His

Asp

Thr

200

Asn

Val

Ala

Gly

Gly

280

Gly

Gln

Arg

Ser

Asn

360

Glu

Gln

Asp

Gln

His

440

Arg

Val

Val

Asp

Trp

520

Lys

Lys

Thr

Phe

Ser

185

Pro

Ser

Asn

Lys

Ser

265

Ala

Asp

Pro

Asp

Ile

345

Arg

Leu

Arg

His

Val

425

Gly

Leu

Trp

Ser

His

505

Phe

Asn

Phe

Leu

Asn

170

Glu

Ala

Pro

Thr

Phe

250

Ala

Ser

Ser

Ala

Thr

330

Ser

Glu

Gly

Leu

Phe

410

Lys

Tyr

Gly

His

Ile

490

Ser

Ala

Asn

Ile

Ser
570

155

Thr

Arg

Pro

Met

His

235

Ile

Ala

Ile

Arg

Thr

315

Glu

Trp

Gly

Val

Gln

395

Arg

Tyr

Ala

Tyr

Leu

475

Ala

Ile

Lys

Leu

Lys
555

Phe

Pro

Asp

Ala

Ala

220

Ala

Gln

Tyr

Trp

Asn

300

Gly

Ala

Ala

Leu

Gln

380

Asp

Asp

Trp

Thr

Leu

460

Tyr

Leu

Lys

Pro

Ser
540

Gly

Gln

Ile

Pro

Ser

205

Ser

Gly

Gly

Gln

Asp

285

Ala

Asp

Leu

Arg

Arg

365

Pro

Ala

Tyr

Ile

Gly

445

Val

Asn

Ser

Glu

Val
525
Ser

Thr

Leu

Pro

Leu

190

Cys

Asp

Gly

Thr

Thr

270

Thr

Ser

Val

Arg

Val

350

Tyr

Val

Tyr

Ala

Thr

430

Arg

Ala

Thr

Ser

Cys

510

Phe

Ile

Ala

Leu

Arg

175

Asn

Ser

Pro

Thr

Phe

255

Glu

Phe

Leu

Ala

Glu

335

Leu

Tyr

Val

Gly

Glu

415

Ile

Leu

His

Ser

His

495

Gln

Ile

Leu

Asp

Asp
575

160

Arg

Val

Gln

Leu

Gly

240

Pro

Gly

Thr

Pro

Ser

320

Leu

Pro

Arg

Thr

Gly

400

Leu

Asp

Ala

Asn

Phe

480

Trp

Lys

Asp

Pro

Phe
560

Pro
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179

-continued

180

Ser

Asn

Met

625

Leu

Gly

Leu

Pro

705

Gly

Thr

Pro

Ser

Leu

785

Pro

Arg

Thr

Gly

Leu

865

Asp

Ala

Asn

Phe

Trp
945

Lys

Asp

Met

Trp

Gly

610

Tyr

Asp

Phe

Asp

Phe

690

Asp

Gly

His

Leu

Asp

770

Gly

Asn

Arg

Leu

Trp

850

Cys

Asn

Pro

Leu

Arg

930

Ile

Ser

Gly

Lys

Ile

595

Trp

Tyr

Gly

Glu

Phe

675

Tyr

Gly

Trp

His

Gly

755

Ser

Val

Gly

Leu

Tyr

835

Ala

Phe

Pro

Gly

Leu

915

Pro

Asn

Leu

Asp

Phe

580

Asp

Phe

Leu

Val

Trp

660

Leu

Gln

Phe

Gln

Pro

740

Ala

Tyr

Thr

Ser

Leu

820

His

Asn

Arg

Tyr

Ile

900

Leu

Thr

Pro

Asp

Tyr
980

Arg

Leu

Val

Lys

Asp

645

His

Ser

Lys

Leu

Gln

725

Leu

Pro

Asn

His

Ala

805

Glu

Trp

Arg

His

Val

885

Arg

Ala

Gln

Arg

Phe

965

Pro

Gln

Glu

Ser

Lys

630

Val

Arg

Gln

Leu

Trp

710

His

Ala

Ser

Asn

Tyr

790

Gly

Arg

Asp

Ala

Phe

870

Val

Gly

His

Gly

Arg

950

Val

Glu

Leu Glu Ser Pro Asn Leu Arg Gln Leu
585 590

Phe Asn His Pro Gln Ile Phe Ile Val
600 605

Gly Thr Thr Lys Arg Asp Asp Ala Lys
615 620

Phe Ile Met Glu Thr Leu Lys Ala Ile
635

Ile Gly Tyr Thr Ala Trp Ser Leu Met
650 655

Gly Tyr Ser Ile Arg Arg Gly Leu Phe
665 670

Asp Lys Met Leu Leu Pro Lys Ser Ser
680 685

Ile Glu Lys Asn Gly Phe Gln Gly Thr
695 700

Ala Val Gly Ser Ala Ala Tyr Gln Thr
715

Gly Lys Gly Ala Ser Ile Trp Asp Thr
730 735

Pro Pro Gly Asp Ser Arg Asn Ala Ser
745 750

Pro Leu Gln Pro Ala Thr Gly Asp Val
760 765

Val Phe Arg Asp Thr Glu Ala Leu Arg
775 780

Arg Phe Ser Ile Ser Trp Ala Arg Val
795

Val Pro Asn Arg Glu Gly Leu Arg Tyr
810 815

Leu Arg Glu Leu Gly Val Gln Pro Val
825 830

Leu Pro Gln Arg Leu Gln Asp Ala Tyr
840 845

Leu Ala Asp His Phe Arg Asp Tyr Ala
855 860

Gly Gly Gln Val Lys Tyr Trp Ile Thr
875

Ala Trp His Gly Tyr Ala Thr Gly Arg
890 895

Ser Pro Arg Leu Gly Tyr Leu Val Ala
905 910

Ala Lys Val Trp His Leu Tyr Asn Thr
920 925

Gly Gln Val Ser Ile Ala Leu Ser Ser
935 940

Met Thr Asp His Ser Ile Lys Glu Cys
955

Leu Gly Trp Phe Ala Lys Pro Val Phe
970 975

Ser Met Lys Asn Asn Leu Ser Ser Ile
985 990

Leu

Glu

Tyr

Lys

640

Asp

Tyr

Ala

Phe

Glu

720

Phe

Leu

Ala

Glu

Leu

800

Tyr

Val

Gly

Glu

Ile

880

Leu

His

Ser

His

Gln
960

Ile

Leu
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181 182

-continued

Pro Asp Phe Thr Glu Ser Glu Lys Lys Phe Ile Lys Gly Thr Ala Asp
995 1000 1005

Phe Phe Ala Leu Cys Phe Gly Pro Thr Leu Ser Phe Gln Leu Leu
1010 1015 1020

Asp Pro His Met Lys Phe Arg Gln Leu Glu Ser Pro Asn Leu Arg
1025 1030 1035

Gln Leu Leu Ser Trp Ile Asp Leu Glu Phe Asn His Pro Gln Ile
1040 1045 1050

Phe Ile Val Glu Asn Gly Trp Phe Val Ser Gly Thr Thr Lys Arg
1055 1060 1065

Asp Asp Ala Lys Tyr Met Tyr Tyr Leu Lys Lys Phe Ile Met Glu
1070 1075 1080

Thr Leu Lys Ala Ile Lys Leu Asp Gly Val Asp Val 1Ile Gly Tyr
1085 1090 1095

Thr Ala Trp Ser Leu Met Asp Gly Phe Glu Trp His Arg Gly Tyr
1100 1105 1110

Ser Ile Arg Arg Gly Leu Phe Tyr Val Asp Phe Leu Ser Gln Asp
1115 1120 1125

Lys Met Leu Leu Pro Lys Ser Ser Ala Leu Phe Tyr Gln Lys Leu
1130 1135 1140

Ile Glu Lys Asn Gly Phe
1145

<210> SEQ ID NO 29

<211> LENGTH: 1125

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: fusion polypeptide

<400> SEQUENCE: 29

Met Leu Gly Ala Arg Leu Arg Leu Trp Val Cys Ala Leu Cys Ser Val
1 5 10 15

Cys Ser Met Ser Val Leu Arg Ala Tyr Pro Asn Ala Ser Pro Leu Leu
20 25 30

Gly Ser Ser Trp Gly Gly Leu Ile His Leu Tyr Thr Ala Thr Ala Arg
35 40 45

Asn Ser Tyr His Leu Gln Ile His Lys Asn Gly His Val Asp Gly Ala
50 55 60

Pro His Gln Thr Ile Tyr Ser Ala Leu Met Ile Arg Ser Glu Asp Ala
65 70 75 80

Gly Phe Val Val Ile Thr Gly Val Met Ser Arg Arg Tyr Leu Cys Met
Asp Phe Arg Gly Asn Ile Phe Gly Ser His Tyr Phe Asp Pro Glu Asn
100 105 110

Cys Arg Phe Gln His Gln Thr Leu Glu Asn Gly Tyr Asp Val Tyr His
115 120 125

Ser Pro Gln Tyr His Phe Leu Val Ser Leu Gly Arg Ala Lys Arg Ala
130 135 140

Phe Leu Pro Gly Met Asn Pro Pro Pro Tyr Ser Gln Phe Leu Ser Arg
145 150 155 160

Arg Asn Glu Ile Pro Leu Ile His Phe Asn Thr Pro Ile Pro Arg Arg
165 170 175

His Thr Gln Ser Ala Glu Asp Asp Ser Glu Arg Asp Pro Leu Asn Val
180 185 190



183

US 9,475,857 B2

-continued

184

Leu

Glu

Gly

225

Pro

Asp

Leu

Ser

Ser

305

Gln

Ile

Tyr

Leu

385

Phe

Lys

Ser

Tyr

Leu

465

Lys

Glu

Leu

Lys

Thr

545

Asp

Pro

Trp

Gly

Lys

Leu

210

Val

Glu

Phe

Ser

Lys

290

Tyr

Glu

Leu

Tyr

Val

370

Leu

Ala

Leu

Ala

Asn

450

Gln

Glu

Pro

Asn

Lys

530

Thr

Tyr

Ser

Leu

Ile

Pro

195

Pro

Val

Gly

Ala

Gln

275

Arg

Cys

Met

Pro

Arg

355

Ala

Ala

Glu

Trp

Gly

435

Glu

Ala

Val

Ile

Gln

515

Leu

Ile

Leu

Gln

Lys
595

Asp

Arg

Ser

Arg

Cys

Trp

260

Phe

Leu

Val

His

Leu

340

Cys

Leu

Arg

Tyr

Ile

420

His

Lys

Asp

Ala

Phe

500

Arg

Ile

Leu

Glu

Val
580

Phe

Asp

Ala

Ala

Gly

Arg

245

Gly

Thr

Ile

Asp

Val

325

Gly

Met

Trp

Gln

Ala

405

Thr

Asn

Phe

Trp

Glu

485

Gly

Asn

Gln

Val

Val
565
Ala

Lys

Gly

Arg

Glu

Gly

230

Pro

Val

Asp

Lys

Phe

310

Thr

Asn

Ala

Gln

Gly

390

Arg

Met

Leu

Arg

Ile

470

Arg

Ser

Asn

Gly

Asp

550

Gln

Val

Tyr

Leu

Met

Asp

215

Arg

Phe

Val

Leu

Val

295

Ala

His

Gln

Ser

Pro

375

Ala

Leu

Asn

Leu

His

455

Glu

Val

Gly

Phe

Thr

535

Ser

Glu

Val

Gly

His

Thr

200

Asn

Val

Ala

Asp

Asn

280

Asp

Ala

Phe

Ser

Glu

360

Met

Trp

Cys

Glu

Lys

440

Ala

Pro

Leu

Asp

Leu

520

Phe

Glu

Met

Pro

Asp
600

Ala

Pro

Ser

Asn

Lys

Asn

265

Val

Gly

Ile

Arg

Gln

345

Leu

Ala

Glu

Phe

Pro

425

Ala

Gln

Ala

Glu

Tyr

505

Leu

Asp

Lys

Thr

Trp
585

Leu

Glu

Ala

Pro

Thr

Phe

250

Tyr

Tyr

Val

Gln

Phe

330

Val

Val

Pro

Asn

Gln

410

Tyr

His

Asn

Cys

Phe

490

Pro

Pro

Phe

Glu

Asp
570
Gly

Pro

Asp

Pro

Met

His

235

Ile

Ile

Leu

Val

Pro

315

Ser

Asn

Arg

Asn

Pro

395

Glu

Thr

Ala

Gly

Pro

475

Asp

Trp

Tyr

Leu

Asp

555

Ile

Leu

Met

Asp

Ala

Ala

220

Ala

Gly

Gln

Trp

Thr

300

Gln

Leu

His

Val

Gln

380

Tyr

Leu

Arg

Leu

Lys

460

Phe

Ile

Val

Phe

Ala

540

Pro

Thr

Arg

Tyr

Gln

Ser

205

Ser

Gly

Thr

Val

Asp

285

Lys

Ile

Asp

Thr

Asn

365

Gly

Thr

Gly

Asn

Ala

445

Ile

Ser

Gly

Met

Thr

525

Leu

Ile

Trp

Lys

Ile
605

Leu

Cys

Asp

Gly

Phe

Asp

270

Val

Lys

Ala

Trp

Ile

350

Ile

Leu

Ala

His

Met

430

Trp

Ser

Gln

Trp

Arg

510

Glu

Ser

Lys

Leu

Val
590

Ile

Arg

Ser

Pro

Thr

Pro

255

Thr

His

Arg

Leu

Ala

335

Leu

Thr

Pro

Leu

His

415

Thr

His

Ile

Lys

Leu

495

Asp

Asp

His

Tyr

Asn

575

Leu

Ser

Val

Gln

Leu

Gly

240

Cys

Thr

His

Lys

Leu

320

Leu

Gln

Pro

Arg

Ala

400

Val

Tyr

Val

Ala

Asp

480

Ala

Trp

Glu

Tyr

Asn

560

Ser

Asn

Asn

Tyr
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186

Tyr

625

Gly

Ala

Lys

Gly

Gln

705

Trp

Thr

Gln

Leu

His

785

Gln

Tyr

Leu

Arg

865

Leu

Lys

Phe

Ile

945

Phe

Ala

Pro

Thr

Leu

610

Met

Ile

Pro

Ala

Thr

690

Val

Asp

Lys

Ile

Asp

770

Thr

Asn

Gly

Thr

Gly

850

Asn

Ala

Ile

Ser

Gly

930

Met

Thr

Leu

Ile

Gln

Asn

Arg

Ser

675

Phe

Asp

Val

Lys

Ala

755

Trp

Ile

Ile

Leu

Ala

835

His

Met

Trp

Ser

Gln

915

Trp

Arg

Glu

Ser

Lys
995

Asn

Leu

Phe

660

Met

Pro

Thr

His

Arg

740

Leu

Ala

Leu

Thr

Pro

820

Leu

His

Thr

His

Ile

900

Lys

Leu

Asp

Asp

His

980

Tyr

Tyr

Cys

645

Gly

Lys

Cys

Thr

His

725

Lys

Leu

Leu

Gln

Pro

805

Arg

Ala

Val

Tyr

Val

885

Ala

Asp

Ala

Trp

Glu
965

Tyr

Asn

Ile

630

Gly

Leu

His

Asp

Leu

710

Ser

Ser

Gln

Ile

Tyr

790

Val

Leu

Phe

Lys

Ser

870

Tyr

Leu

Lys

Glu

Leu

950

Lys

Thr

Asp

615 620

Asn Glu Ala Leu Lys Ala His Ile Leu
635

Tyr Phe Ala Tyr Ser Phe Asn Asp Arg
650 655

Tyr Arg Tyr Ala Ala Asp Gln Phe Glu
665 670

Tyr Arg Lys Ile Ile Asp Ser Asn Gly
680 685

Phe Ala Trp Gly Val Val Asp Asn Tyr
695 700

Ser Gln Phe Thr Asp Leu Asn Val Tyr
715

Lys Arg Leu Ile Lys Val Asp Gly Val
730 735

Tyr Cys Val Asp Phe Ala Ala Ile Gln
745 750

Glu Met His Val Thr His Phe Arg Phe
760 765

Leu Pro Leu Gly Asn Gln Ser Gln Val
775 780

Tyr Arg Cys Met Ala Ser Glu Leu Val
795

Val Ala Leu Trp Gln Pro Met Ala Pro
810 815

Leu Ala Arg Gln Gly Ala Trp Glu Asn
825 830

Ala Glu Tyr Ala Arg Leu Cys Phe Gln
840 845

Leu Trp Ile Thr Met Asn Glu Pro Tyr
855 860

Ala Gly His Asn Leu Leu Lys Ala His
875

Asn Glu Lys Phe Arg His Ala Gln Asn
890 895

Gln Ala Asp Trp Ile Glu Pro Ala Cys
905 910

Glu Val Ala Glu Arg Val Leu Glu Phe
920 925

Pro Ile Phe Gly Ser Gly Asp Tyr Pro
935 940

Asn Gln Arg Asn Asn Phe Leu Leu Pro
955

Lys Leu Ile Gln Gly Thr Phe Asp Phe
970 975

Thr Ile Leu Val Asp Ser Glu Lys Glu
985 990

Tyr Leu Glu Val Gln Glu Met Thr Asp Ile

1000 1005

Asp

640

Thr

Pro

Phe

Ile

Leu

720

Val

Pro

Ser

Asn

Arg

800

Asn

Pro

Glu

Thr

Ala

880

Gly

Pro

Asp

Trp

Tyr

960

Leu

Asp

Trp Leu Asn Ser Pro Ser Gln Val Ala Val Val Pro Trp Gly

1010

Arg Lys Val Leu Asn Trp Leu Lys Phe Lys Tyr

1025

1015 1020

1030 1035

Gly Asp Leu



US 9,475,857 B2
187 188

-continued

Pro Met Tyr Ile Ile Ser Asn Gly Ile Asp Asp Gly Leu His Ala
1040 1045 1050

Glu Asp Asp Gln Leu Arg Val Tyr Tyr Met Gln Asn Tyr Ile Asn
1055 1060 1065

Glu Ala Leu Lys Ala His Ile Leu Asp Gly Ile Asn Leu Cys Gly
1070 1075 1080

Tyr Phe Ala Tyr Ser Phe Asn Asp Arg Thr Ala Pro Arg Phe Gly
1085 1090 1095

Leu Tyr Arg Tyr Ala Ala Asp Gln Phe Glu Pro Lys Ala Ser Met
1100 1105 1110

Lys His Tyr Arg Lys Ile Ile Asp Ser Asn Gly Phe
1115 1120 1125

<210> SEQ ID NO 30

<211> LENGTH: 2157

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 30

geteccagee aagaaccteg gggecgetge geggtgggga ggagttccce gaaaccegge 60
cgctaagega ggectectee teccgeagat ccgaacggece tgggeggggt cacccegget 120

gggacaagaa gccgcecgect gectgecegyg geccggggag ggggctgggy ctggggecgyg 180

aggceggggty tgagtgggtyg tgtgeggggy geggaggett gatgcaatce cgataagaaa 240

tgctcegggty tcettgggeac ctaccegtgg ggeccgtaag gegetactat ataaggetge 300
cggecaggag ccgecgegee gtcagageag gagegetgeg tecaggatct agggecacga 360
ccatcccaac ccggeactca cagecccgea gegeateceg gtegeegece agectcecege 420
acccccateg cecggagetge gecgagagece ccagggaggt gecatgegga gegggtgtgt 480
ggtggtccac gtatggatce tggecggect ctggetggee gtggeceggge geccectage 540
ctteteggac geggggeccee acgtgcacta cggetgggge gaccccatce gectgeggea 600
cctgtacace tceggeccee acgggetete cagetgette ctgegeatce gtgccgacgg 660
cgtegtggac tgcegegeggg gecagagege gcacagtttg ctggagatca aggcagtege 720
tctgeggace gtggecatca agggegtgca cagegtgegg tacctetgea tgggegecga 780
cggcaagatg caggggctge ttcagtacte ggaggaagac tgtgettteg aggaggagat 840
ccgeccagat ggctacaatg tgtaccgate cgagaagcac cgectecegg tcetcecectgag 900
cagtgccaaa cagcggcage tgtacaagaa cagaggettt cttecactcet ctcatttect 960

gcccatgetyg cccatggtcee cagaggagcec tgaggacctce aggggccact tggaatctga 1020
catgttcectcet tecgcccctgg agaccgacag catggaccca tttgggcttg tcaccggact 1080
ggaggccgtyg aggagtccca gctttgagaa gtaactgaga ccatgccecgg gcctcettceac 1140
tgctgccagg ggctgtggta cctgcagegt gggggacgtg cttctacaag aacagtcectg 1200
agtccacgtt ctgtttagcet ttaggaagaa acatctagaa gttgtacata ttcagagttt 1260
tccattggca gtgccagttt ctagccaata gacttgtcetg atcataacat tgtaagectg 1320
tagcttgece agctgctgece tgggcecccca ttetgctece tcgaggttge tggacaagcet 1380
gctgcactgt ctcagttctg cttgaatacce tccatcgatg gggaactcac ttcctttgga 1440
aaaattctta tgtcaagctg aaattctcta attttttetc atcacttcce caggagcagce 1500

cagaagacag gcagtagttt taatttcagg aacaggtgat ccactctgta aaacagcagg 1560
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taaatttcac tcaaccccat gtgggaattg atctatatct ctacttccag ggaccatttg 1620
ccctteccaa atcectecag gecagaactg actggagcag gcatggcecca ccaggettca 1680
ggagtagggyg aagcctggag ccccactcca gecctgggac aacttgagaa ttcecccctga 1740
ggccagttet gtcatggatg ctgtcctgag aataacttge tgtcccecggtg tcacctgett 1800
ccatctceccca geccaccage cctcectgecca cctcacatge ctceccecccatgg attggggect 1860
cccaggeccce ccaccttatg tcaacctgca cttettgttce aaaaatcagg aaaagaaaag 1920
atttgaagac cccaagtctt gtcaataact tgctgtgtgg aagcagcggg ggaagaccta 1980
gaacccttte cccagcactt ggttttceccaa catgatattt atgagtaatt tattttgata 2040
tgtacatctc ttattttctt acattattta tgcccccaaa ttatatttat gtatgtaagt 2100
gaggtttgtt ttgtatatta aaatggagtt tgtttgtaaa aaaaaaaaaa aaaaaaa 2157
<210> SEQ ID NO 31
<211> LENGTH: 216
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 31
Met Arg Ser Gly Cys Val Val Val His Val Trp Ile Leu Ala Gly Leu
1 5 10 15
Trp Leu Ala Val Ala Gly Arg Pro Leu Ala Phe Ser Asp Ala Gly Pro
20 25 30
His Val His Tyr Gly Trp Gly Asp Pro Ile Arg Leu Arg His Leu Tyr
35 40 45
Thr Ser Gly Pro His Gly Leu Ser Ser Cys Phe Leu Arg Ile Arg Ala
50 55 60
Asp Gly Val Val Asp Cys Ala Arg Gly Gln Ser Ala His Ser Leu Leu
65 70 75 80
Glu Ile Lys Ala Val Ala Leu Arg Thr Val Ala Ile Lys Gly Val His
85 90 95
Ser Val Arg Tyr Leu Cys Met Gly Ala Asp Gly Lys Met Gln Gly Leu
100 105 110
Leu Gln Tyr Ser Glu Glu Asp Cys Ala Phe Glu Glu Glu Ile Arg Pro
115 120 125
Asp Gly Tyr Asn Val Tyr Arg Ser Glu Lys His Arg Leu Pro Val Ser
130 135 140
Leu Ser Ser Ala Lys Gln Arg Gln Leu Tyr Lys Asn Arg Gly Phe Leu
145 150 155 160
Pro Leu Ser His Phe Leu Pro Met Leu Pro Met Val Pro Glu Glu Pro
165 170 175
Glu Asp Leu Arg Gly His Leu Glu Ser Asp Met Phe Ser Ser Pro Leu
180 185 190
Glu Thr Asp Ser Met Asp Pro Phe Gly Leu Val Thr Gly Leu Glu Ala
195 200 205
Val Arg Ser Pro Ser Phe Glu Lys
210 215
<210> SEQ ID NO 32
<211> LENGTH: 940
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 32
ctgtcagetyg aggatccage cgaaagagga gcecaggcact caggccacct gagtctacte 60
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acctggacaa ctggaatctg gcaccaattce taaaccacte agcettcteceg agctcacace 120
ccggagatca cctgaggacce cgagccattg atggactegyg acgagaccgyg gttcgagcac 180
tcaggactgt gggtttctgt getggetggt cttetgetgyg gagectgeca ggcacaccce 240
atccctgact ccagtectcet cctgcaattce gggggccaag tcecggcageyg gtacctctac 300
acagatgatg cccagcagac agaagcccac ctggagatca gggaggatgyg gacggtgggg 360
ggegetgetyg accagagcce cgaaagtcete ctgcagetga aagccttgaa gecgggagtt 420
attcaaatct tgggagtcaa gacatccagg ttectgtgece ageggccaga tggggecctg 480
tatggatcge tccactttga ccctgaggece tgcagcettece gggagetget tcttgaggac 540
ggatacaatyg tttaccagtc cgaagcccac ggecteccge tgcacctgec agggaacaag 600
tceccacace gggaccctge accccgagga ccagetceget tectgccact accaggectg 660
ccececgeac tcceggagece acccggaate ctggecceee agecccccga tgtgggetcee 720
tecggacccte tgagcatggt gggaccttcee cagggccgaa gcecccagceta cgcttectga 780
agccagaggce tgtttactat gacatctcct ctttatttat taggttattt atcttattta 840
tttttttatt tttcttactt gagataataa agagttccag aggagaaaaa aaaaaaaaaa 900
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 940

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 33
H: 209
PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 33

Met Asp Ser
1

Val Leu Ala
Asp Ser Ser
35

Leu Tyr Thr
50

Glu Asp Gly
65

Leu Gln Leu

Lys Thr Ser

Ser Leu His
115

Glu Asp Gly
130

His Leu Pro
145

Pro Ala Arg

Pro Pro Gly

Pro Leu Ser
195

Asp Glu Thr Gly Phe

Gly Leu Leu Leu Gly

20

Pro Leu Leu Gln Phe

40

Asp Asp Ala Gln Gln

55

Thr Val Gly Gly Ala

70

Lys Ala Leu Lys Pro

85

Arg Phe Leu Cys Gln

100

Phe Asp Pro Glu Ala

120

Tyr Asn Val Tyr Gln

135

Gly Asn Lys Ser Pro
150

Phe Leu Pro Leu Pro

165

Ile Leu Ala Pro Gln

180

Met Val Gly Pro Ser

200

Glu

Ala

25

Gly

Thr

Ala

Gly

Arg

105

Cys

Ser

His

Gly

Pro
185

Gln

His

10

Cys

Gly

Glu

Asp

Val

90

Pro

Ser

Glu

Arg

Leu
170

Pro

Gly

Ser

Gln

Gln

Ala

Gln

75

Ile

Asp

Phe

Ala

Asp

155

Pro

Asp

Arg

Gly Leu Trp

Ala His Pro
30

Val Arg Gln
45

His Leu Glu

Ser Pro Glu

Gln Ile Leu

Gly Ala Leu
110

Arg Glu Leu
125

His Gly Leu
140

Pro Ala Pro

Pro Ala Leu

Val Gly Ser
190

Ser Pro Ser
205

Val Ser
15

Ile Pro

Arg Tyr

Ile Arg

Ser Leu
80

Gly Val
95

Tyr Gly

Leu Leu

Pro Leu

Arg Gly
160

Pro Glu
175

Ser Asp

Tyr Ala
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<210> SEQ ID NO 34
<211> LENGTH: 3018
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 34
cggcaaaaag gagggaatcc agtctaggat cctcacacca gctacttgca agggagaagg 60
aaaaggccag taaggcectgg geccaggagag tceccgacagg agtgtcaggt ttcaatctca 120
gcaccagcca ctcagagcag ggcacgatgt tgggggeccg cctcaggetce tgggtetgtg 180
ccttgtgcag cgtctgcage atgagegtcece tcagagecta tceccaatgece tccccactge 240
teggetecag ctggggtgge ctgatccacce tgtacacage cacagccagyg aacagctace 300
acctgcagat ccacaagaat ggccatgtgg atggcgcacce ccatcagacc atctacagtg 360
ccctgatgat cagatcagag gatgctgget ttgtggtgat tacaggtgtyg atgagcagaa 420
gatacctetyg catggatttc agaggcaaca tttttggatc acactatttc gacccggaga 480
actgcaggtt ccaacaccag acgctggaaa acgggtacga cgtctaccac tctectcagt 540
atcacttcct ggtcagtetg ggccgggega agagagectt cctgccagge atgaacccac 600
cceegtacte ccagttectg tcccggagga acgagatccee cctaattcac ttcaacacce 660
ccataccacg gcggcacacce cggagcegecg aggacgacte ggagegggac cccctgaacyg 720
tgctgaagee ccgggeccgg atgacceegg ceccggecte ctgttcacag gagetcccga 780
gegecgagga caacagcccg atggecagtg acccattagg ggtggtcagg ggeggtcegag 840
tgaacacgca cgctggggga acgggcccgg aaggctgeeg ccecttegece aagttcatct 900
agggtecgetyg gaagggcacce ctctttaacce catccctcag caaacgcage tctteccaag 960
gaccaggtcce cttgacgttce cgaggatggg aaaggtgaca ggggcatgta tggaatttge 1020
tgcttetetg gggtecctte cacaggaggt cctgtgagaa ccaacctttg aggcccaagt 1080
catggggttt caccgcctte ctcactccat atagaacacc tttcccaata ggaaacccca 1140
acaggtaaac tagaaatttc cccttcatga aggtagagag aaggggtctc tcccaacata 1200
tttctettee ttgtgectet ccectcetttate acttttaage ataaaaaaaa aaaaaaaaaa 1260
aaaaaaaaaa aaaagcagtg ggttcctgag ctcaagactt tgaaggtgta gggaagagga 1320
aatcggagat cccagaagct tcectccactge cctatgcatt tatgttagat gecccgatcce 1380
cactggcatt tgagtgtgca aaccttgaca ttaacagctg aatggggcaa gttgatgaaa 1440
acactacttt caagcctteg ttettecttg agcatctetg gggaagagcet gtcaaaagac 1500
tggtggtagg ctggtgaaaa cttgacagct agacttgatg cttgctgaaa tgaggcagga 1560
atcataatag aaaactcagc ctccctacag ggtgagcacc ttctgtcteg ctgtcteect 1620
ctgtgcagcce acagccagag ggcccagaat ggccccactce tgttcccaag cagttcatga 1680
tacagcctca ccttttggec ccatctetgg tttttgaaaa tttggtctaa ggaataaata 1740
gcttttacac tggctcacga aaatctgccce tgctagaatt tgcttttcaa aatggaaata 1800
aattccaact ctcctaagag gcatttaatt aaggctctac ttccaggttg agtaggaatc 1860
cattctgaac aaactacaaa aatgtgactg ggaagggggc tttgagagac tgggactgct 1920
ctgggttagg ttttctgtgg actgaaaaat cgtgtccttt tctctaaatg aagtggcatc 1980
aaggactcag ggggaaagaa atcaggggac atgttataga agttatgaaa agacaaccac 2040
atggtcaggce tcttgtctgt ggtctctagg gctetgcage agcagtgget cttcecgattag 2100
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ttaaaactct cctaggctga cacatctggg tctcaatccce cttggaaatt cttggtgcat 2160
taaatgaagc cttaccccat tactgcggtt cttectgtaa gggggctcca ttttectece 2220
tctctttaaa tgaccaccta aaggacagta tattaacaag caaagtcgat tcaacaacag 2280
cttcttecca gtcacttttt tttttctcac tgccatcaca tactaacctt atactttgat 2340
ctattctttt tggttatgag agaaatgttg ggcaactgtt tttacctgat ggttttaagc 2400
tgaacttgaa ggactggttc ctattctgaa acagtaaaac tatgtataat agtatatagc 2460
catgcatggc aaatatttta atatttctgt tttcatttcc tgttggaaat attatcctgce 2520
ataatagcta ttggaggctc ctcagtgaaa gatcccaaaa ggattttggt ggaaaactag 2580
ttgtaatctc acaaactcaa cactaccatc aggggttttc tttatggcaa agccaaaata 2640
gctectacaa tttettatat ccctegtcat gtggcagtat ttatttattt atttggaagt 2700
ttgcctatce ttctatattt atagatattt ataaaaatgt aacccctttt tectttette 2760
tgtttaaaat aaaaataaaa tttatctcag cttctgttag cttatcctcect ttgtagtact 2820
acttaaaagc atgtcggaat ataagaataa aaaggattat gggaggggaa cattagggaa 2880
atccagagaa ggcaaaattyg aaaaaaagat tttagaattt taaaattttc aaagatttct 2940
tccattcata aggagactca atgattttaa ttgatctaga cagaattatt taagttttat 3000
caatattgga tttctggt 3018

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 35
H: 251
PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 35

Met Leu Gly
1

Cys Ser Met
Gly Ser Ser
35

Asn Ser Tyr
50

Pro His Gln
65

Gly Phe Val

Asp Phe Arg

Cys Arg Phe
115

Ser Pro Gln
130

Phe Leu Pro
145

Arg Asn Glu

His Thr Arg

Leu Lys Pro
195

Ala Arg Leu Arg Leu

Ser Val Leu Arg Ala

20

Trp Gly Gly Leu Ile

His Leu Gln Ile His

55

Thr Ile Tyr Ser Ala

70

Val Ile Thr Gly Val

85

Gly Asn Ile Phe Gly

100

Gln His Gln Thr Leu

120

Tyr His Phe Leu Val

135

Gly Met Asn Pro Pro
150

Ile Pro Leu Ile His

165

Ser Ala Glu Asp Asp

180

Arg Ala Arg Met Thr

200

Trp Val Cys
10

Tyr Pro Asn
25

His Leu Tyr

Lys Asn Gly

Leu Met Ile
75

Met Ser Arg
90

Ser His Tyr
105

Glu Asn Gly

Ser Leu Gly
Pro Tyr Ser
155

Phe Asn Thr
170

Ser Glu Arg
185

Pro Ala Pro

Ala Leu Cys
Ala Ser Pro
30

Thr Ala Thr
45

His Val Asp
60

Arg Ser Glu

Arg Tyr Leu

Phe Asp Pro
110

Tyr Asp Val
125

Arg Ala Lys
140

Gln Phe Leu

Pro Ile Pro

Asp Pro Leu
190

Ala Ser Cys
205

Ser Val
15

Leu Leu

Ala Arg

Gly Ala

Asp Ala
80

Cys Met
95

Glu Asn

Tyr His

Arg Ala

Ser Arg
160

Arg Arg
175

Asn Val

Ser Gln
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Glu Leu Pro Ser Ala Glu Asp Asn Ser Pro
210 215

Gly Val Val Arg Gly Gly Arg Val Asn Thr
225 230

Pro Glu Gly Cys Arg Pro Phe Ala Lys Phe
245 250

<210> SEQ ID NO 36

<211> LENGTH: 251

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:

Met

His
235

Ile

<223> OTHER INFORMATION: fusion polypeptide

<400> SEQUENCE: 36

Met Leu Gly Ala Arg Leu Arg Leu Trp Val
1 5 10

Cys Ser Met Ser Val Leu Arg Ala Tyr Pro
20 25

Gly Ser Ser Trp Gly Gly Leu Ile His Leu
35 40

Asn Ser Tyr His Leu Gln Ile His Lys Asn
50 55

Pro His Gln Thr Ile Tyr Ser Ala Leu Met
65 70

Gly Phe Val Val Ile Thr Gly Val Met Ser
Asp Phe Arg Gly Asn Ile Phe Gly Ser His
100 105

Cys Arg Phe Gln His Gln Thr Leu Glu Asn
115 120

Ser Pro Gln Tyr His Phe Leu Val Ser Leu
130 135

Phe Leu Pro Gly Met Asn Pro Pro Pro Tyr
145 150

Arg Asn Glu Ile Pro Leu Ile His Phe Asn
165 170

His Thr Gln Ser Ala Glu Asp Asp Ser Glu
180 185

Leu Lys Pro Arg Ala Arg Met Thr Pro Ala
195 200

Glu Leu Pro Ser Ala Glu Asp Asn Ser Pro
210 215

Gly Val Val Arg Gly Gly Arg Val Asn Thr
225 230

Pro Glu Gly Cys Arg Pro Phe Ala Lys Phe
245 250

<210> SEQ ID NO 37

<211> LENGTH: 431

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 37

Cys

Asn

Tyr

Gly

Ile

75

Arg

Tyr

Gly

Gly

Ser

155

Thr

Arg

Pro

Met

His

235

Ile

Ala Ser Asp Pro Leu

220

Ala Gly Gly Thr Gly

Ala

Ala

Thr

His

60

Arg

Arg

Phe

Tyr

Arg

140

Gln

Pro

Asp

Ala

Ala

220

Ala

Leu

Ser

Ala

45

Val

Ser

Tyr

Asp

Asp

125

Ala

Phe

Ile

Pro

Ser

205

Ser

Gly

Cys

Pro

30

Thr

Asp

Glu

Leu

Pro

110

Val

Lys

Leu

Pro

Leu

190

Cys

Asp

Gly

Ser

15

Leu

Ala

Gly

Asp

Cys

95

Glu

Tyr

Arg

Ser

Arg

175

Asn

Ser

Pro

Thr

240

Val

Leu

Arg

Ala

Ala

80

Met

Asn

His

Ala

Arg

160

Arg

Val

Gln

Leu

Gly
240

Tyr Asp Thr Phe Pro Lys Asn Phe Phe Trp Gly Ile Gly Thr Gly Ala

1 5 10

15

Leu Gln Val Glu Gly Ser Trp Lys Lys Asp Gly Lys Gly Pro Ser Ile
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-continued

200

Trp

Gly

Asp

65

Leu

Tyr

Ile

Tyr

Ala

145

Thr

Met

Gly

Thr

Ser

225

Lys

Ile

Ser

Thr

Leu

305

Glu

Ile

Thr

Ala

Leu
385

Leu

Ser

Asp

Ser

50

Phe

Phe

Tyr

Val

Gly

130

Thr

Ile

His

His

His

210

His

Cys

His

Val

Ala

290

Asn

Ala

Ala

Thr

Ile
370
Leu

Phe

Ser

His

35

Ser

Ile

Pro

Ser

Thr

115

Gly

Tyr

His

Ala

Asn

195

Phe

Trp

Gln

Gly

Leu

275

Asp

Thr

Leu

Glu

Ala

355

Arg

Asp

Tyr

Ala

20

Phe

Asp

Gly

Asp

Thr

100

Leu

Trp

Cys

Asn

Pro

180

Leu

Arg

Ile

Gln

Asp

260

Pro

Phe

Met

Asn

Asn

340

Ile

Leu

Gly

Val

His
420

<210> SEQ ID NO

Ile

Ser

Val

Gly

Leu

Tyr

Lys

Phe

Pro

165

Gly

Ile

Pro

Glu

Ser

245

Gly

Ile

Phe

Ala

Trp

325

Gly

Tyr

Asp

Phe

Asp
405

Tyr

38

His

Tyr

Ser

70

Ile

Leu

His

Asn

Gln

150

Tyr

Glu

Lys

His

Pro

230

Met

Asp

Phe

Ala

Lys

310

Ile

Trp

Met

Glu

Glu
390

Phe

Tyr

25 30

Thr His Leu Lys Asn Val Ser Ser Thr
40 45

Ile Phe Leu Glu Lys Asp Leu Ser Ala
55 60

Phe Tyr Gln Phe Ser Ile Ser Trp Pro
75

Val Thr Val Ala Asn Ala Lys Gly Leu
Asp Ala Leu Val Leu Arg Asn Ile Glu
105 110

Trp Asp Leu Pro Leu Ala Leu Gln Glu
120 125

Asp Thr Ile Ile Asp Ile Phe Asn Asp
135 140

Met Phe Gly Asp Arg Val Lys Tyr Trp
155

Leu Val Ala Trp His Gly Tyr Gly Thr
170 175

Lys Gly Asn Leu Ala Ala Val Tyr Thr
185 190

Ala His Ser Lys Val Trp His Asn Tyr
200 205

Gln Lys Gly Trp Leu Ser Ile Thr Leu
215 220

Asn Arg Ser Glu Asn Thr Met Asp Ile
235

Val Ser Val Leu Gly Trp Phe Ala Asn
250 255

Tyr Pro Glu Gly Met Arg Lys Lys Leu
265 270

Ser Glu Ala Glu Lys His Glu Met Arg
280 285

Phe Ser Phe Gly Pro Asn Asn Phe Lys
295 300

Met Gly Gln Asn Val Ser Leu Asn Leu
315

Lys Leu Glu Tyr Asn Asn Pro Arg Ile
330 335

Phe Thr Asp Ser Arg Val Lys Thr Glu
345 350

Met Lys Asn Phe Leu Ser Gln Val Leu
360 365

Ile Arg Val Phe Gly Tyr Thr Ala Trp
375 380

Trp Gln Asp Ala Tyr Thr Ile Arg Arg
395

Asn Ser Lys Gln Lys Glu Arg Lys Pro
410 415

Lys Gln Ile Ile Arg Glu Asn Gly Phe
425 430

Asn

Leu

Arg

80

Gln

Pro

Lys

Tyr

Ile

160

Gly

Val

Asn

Gly

Phe

240

Pro

Phe

Gly

Pro

Arg

320

Leu

Asp

Gln

Ser

Gly
400

Lys
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201

-continued

202

<211> LENGTH: 397

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 38

Thr Arg Pro Ala Gln Cys Thr Asp Phe Val Asn Ile Lys Lys Gln
1 5 10 15

Glu Met Leu Ala Arg Met Lys Val Thr His Tyr Arg Phe Ala Leu
20 25 30

Trp Ala Ser Val Leu Pro Thr Gly Asn Leu Ser Ala Val Asn Arg
35 40 45

Ala Leu Arg Tyr Tyr Arg Cys Val Val Ser Glu Gly Leu Lys Leu
50 55 60

Ile Ser Ala Met Val Thr Leu Tyr Tyr Pro Thr His Ala His Leu
65 70 75

Leu Pro Glu Pro Leu Leu His Ala Asp Gly Trp Leu Asn Pro Ser
85 90 95

Ala Glu Ala Phe Gln Ala Tyr Ala Gly Leu Cys Phe Gln Glu Leu
100 105 110

Asp Leu Val Lys Leu Trp Ile Thr Ile Asn Glu Pro Asn Arg Leu
115 120 125

Asp Ile Tyr Asn Arg Ser Gly Asn Asp Thr Tyr Gly Ala Ala His
130 135 140

Leu Leu Val Ala His Ala Leu Ala Trp Arg Leu Tyr Asp Arg Gln
145 150 155

Arg Pro Ser Gln Arg Gly Ala Val Ser Leu Ser Leu His Ala Asp
165 170 175

Ala Glu Pro Ala Asn Pro Tyr Ala Asp Ser His Trp Arg Ala Ala
180 185 190

Arg Phe Leu Gln Phe Glu Ile Ala Trp Phe Ala Glu Pro Leu Phe
195 200 205

Thr Gly Asp Tyr Pro Ala Ala Met Arg Glu Tyr Ile Ala Ser Lys
210 215 220

Arg Arg Gly Leu Ser Ser Ser Ala Leu Pro Arg Leu Thr Glu Ala
225 230 235

Arg Arg Leu Leu Lys Gly Thr Val Asp Phe Cys Ala Leu Asn His
245 250 255

Thr Thr Arg Phe Val Met His Glu Gln Leu Ala Gly Ser Arg Tyr
260 265 270

Ser Asp Arg Asp Ile Gln Phe Leu Gln Asp Ile Thr Arg Leu Ser
275 280 285

Pro Thr Arg Leu Ala Val Ile Pro Trp Gly Val Arg Lys Leu Leu
290 295 300

Trp Val Arg Arg Asn Tyr Gly Asp Met Asp Ile Tyr Ile Thr Ala
305 310 315

Gly Ile Asp Asp Gln Ala Leu Glu Asp Asp Arg Leu Arg Lys Tyr
325 330 335

Leu Gly Lys Tyr Leu Gln Glu Val Leu Lys Ala Tyr Leu Ile Asp
340 345 350

Val Arg Ile Lys Gly Tyr Tyr Ala Phe Lys Leu Ala Glu Glu Lys
355 360 365

Lys Pro Arg Phe Gly Phe Phe Thr Ser Asp Phe Lys Ala Lys Ser
370 375 380

Ile Gln Phe Tyr Asn Lys Val Ile Ser Ser Arg Gly Phe

Leu

Asp

Gln

Gly

Gly

80

Thr

Gly

Ser

Asn

Phe

160

Trp

Glu

Lys

His

Glu

240

Phe

Asp

Ser

Arg

Ser

320

Tyr

Lys

Ser

Ser
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204

385 390

<210> SEQ ID NO 39

<211> LENGTH: 946

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 39

Gly Phe Ser Gly Asp Gly Arg
1 5

Thr Pro Val Asn Glu Ser Gln
20

Asn Phe Phe Trp Gly Ile Gly
35

Trp Lys Lys Asp Gly Lys Gly
50 55

Thr His Leu Lys Asn Val Ser
65 70

Ile Phe Leu Glu Lys Asp Leu
85

Phe Tyr Gln Phe Ser Ile Ser
100

Val Thr Val Ala Asn Ala Lys
115

Asp Ala Leu Val Leu Arg Asn
130 135

Trp Asp Leu Pro Leu Ala Leu
145 150

Asp Thr Ile Ile Asp Ile Phe
165

Met Phe Gly Asp Arg Val Lys
180

Leu Val Ala Trp His Gly Tyr
195

Lys Gly Asn Leu Ala Ala Val
210 215

Ala His Ser Lys Val Trp His
225 230

Gln Lys Gly Trp Leu Ser Ile
245

Asn Arg Ser Glu Asn Thr Met
260

Val Ser Val Leu Gly Trp Phe
275

Tyr Pro Glu Gly Met Arg Lys
290 295

Ser Glu Ala Glu Lys His Glu
305 310

Phe Ser Phe Gly Pro